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Fina! Report for the Methodology Study of the Consumer Braking Informatien Initiative

Work Performed by U.S. Army Aberdeen Test Center, Fall 1998

Executive Summary

WHTSA is investigating the feasibility of developing a braking performance measurement test
procedure for light vehicles. The development of a suitable test procedure to evaluate the braking
performance of light vehicles would enable NHTSA to provide braking performance information
such as stopping distance, in addition to crash test performance information, as part of the
agency’s New Car Assessment Program {NCAP?}, on those new wvehicles that are purchased for
use in crash tests under the NCAP.

The Aberdeen Test Center, a division of the 11§, Army Material Command, in Aberdeen
Maryland, was contracted by NHTSA to conduct this research effort. Tests were conducted
during the Fall of 1998 on ten light vehicles, using siraight Line stops on dry and wet asphalt, from
an initial speed of 62 mph, with each vehicle in bath lightly-loaded and fully-loaded conditions.
The purpose of the tests was to deternmne if variability in stopping distance could be minimized,
to collect sufficient data to permit statistical analysis of the vesults, and provide direction m
developing a test procedure.

Braking tests were conducted on five passenger cars, two passenger mini vans, one full-size cargo
van, ang full-size sport utility vehicle, and one full-size pickup truck. All of the vehicles were
equipped with a four-wheel antilock braking system (ABS), except for the pickup truck which had
a rear-wheel only ABS. The vehicles were leased and were either 1998 or 1999 modcl year
vehicles, with mileages between 2 300 and 18,000 miles. The tires on each vehicle were replaced
with new tires of the same make, model, and size as the original tires. Each vehicle’s brakes were
imspected for normal wear, but were not replaced or subjected to conditioning other than from
normal, as-received use. The new tires were conditioned by driving at 50 mph for 50 miles.

Selecting vehicles that were equipped with four wheel ABS was a decision mtended to minimize
the varability in stopping tests. If a vehicle does not have ABS, then the test driver must skillfully
apply the brakes to attain minimum stopping distance without locking the vehicle’s wheels.
Conversely, it was reasoned that a vehicle with ABS acting on all wheels could be braked
sufficiently hard to activate the ABS {i.e_, at least some of the wheels would lock up if the ABS
was not present), and as long as the brake pedal force remained high encugh to keep the ABS
activated for the duration of the stop, then the ABS would keep the vehicle at its optimal level of
braking. The pickup truck that only had rear-wheel ABS was acquired inadvertently and could
not be included in the final results, but did provide useful information on brake pedal force at the
threshald of front wheel lockup.



Page 2

A peak brake pedal force of 112 Ibs. (500 N) was targeted to be consistent pedal forces specified
for certain tests in Federal Motor Vehicle Safety Standard No. 135, Light Vehicle Brake Systems.
However, brake applications as high as 4350 Ibs. were experienced during early testing, generally
with the paak brake pedal force occurring at the top of the initial pedal force ramp-up.
Subsequent efforts were made to target a steady pedal foree of 150 lbs., with emphasis on rapid
achievement of this force. Exceeding the target pedal force was not found to affect the stopping
distance, however, since the ABS took control of the braking forces to prevent wheel lockup.
For the pickup truck that was equipped with rear-wheel ABS, pedal forces in the 235 to 33-1b.
range were found to be the pedal force just prior to frent wheel lockup, and the peak pedal forces
could not be achieved as rapidly as for the vehicles that had four-wheel ARS.

For each condition ef Ioad (lightly-loaded and loaded to Gross Vehicle Weight Rating [{GVWR])
and road conditien (wet and dry asphalt), ten stops were made for a total of forty stops per
vehicle. The dever was permitted to first make several test stops to become familiarized with
each vehicle, and to warm up the brakes. After each stop, the vehicle was driven arcund the test
area to cool the brakes, and then the brake rotors and drums were checked with a hand-held
pyrometer to check that front rotor temperatures (which were always hotter than the rear brake
drums/rotors) were below 212 degrees F before the next stop was conducted. One of the
passenger cars was uscd as a control vehicle to provide comparative stopping data throughout the
test program, and this vehicle was instrumented with thermocouples in the frent brake linings to
provide additional lining temperature data throughout the testing.

Road friction measurements of the test area were made eight timnes during the test period using a
skid 1railer.  On each day that road friction was measured, ten measurements of the dry asphalt
and ten measurements of the wet asphalt were made, and average dry and wet values were
derived. The average peak coefficient of friction ranged from 0.82 to 0.95 for dry pavement and
{1.85 (o 0.88 for wet pavement. These measurements indicate that the asphalt surfacc was in good
condition.

For cach set of ten stops, the mean stopping distance was caleulated aleng with the standard
deviation and 95™ percentile stopping distance. Analysis of the pedal force attained during the
first 0.3 seconds of hrake application was used to develop the classification of a stop as Class A,
B, C, and D, with Class D reprcsenting the slowest ramp-up of pedal force. Elimination of the
slowest, Class D stops was found to have some effect on reducing the standard deviation (and
hence 95% percentile stopping distance) for some of the vehicles, while for other vehicles there
was not an appreciable difference in eliminating the Class [ stops.  Appendix D provides an
analysis of the effects on eliminating each successively slower class of stops from the ten stops for
gach condition of road and lead. Appendix E provides final statistics for each vehicle with Class
D stops removed. Notc that in some cases, the remaining number of Class A, B, and C stops is
small thus statistical significance of the mean and standard deviation is reduced. Also note that
the Class A through D) stop classifications do not apply ta the pickup truck since much lower
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pedal forces were maintained in order to prevent front wheel lockup. Future research will be
useful in determining what class of stop (e.g., Class C or better) can be consistently attained for
most or all light vehicles equipped with four wheel ABS, now that thesc classifications have been
identified.

NHTSA does not intend this report to provide comparative stopping distance information for the
vehicles tested. Rather, the research effort is a preliminary effort te develop a test protocel that
could be used in the future to measure the braking performance of NCAP vehicles. Further
research is anticipaied to further develop the test protocel, and determine, for example, if
stopping tests can be replicated at other test facilities with consistent results, NHTSA is also
coordinating this effort with European and Japanese governments with a goal of having a
harmonized, intcrnational method that could be used to rate the braking performance of light
vehicles.
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1. BACKGROUND

The 1.5. Army Aberdesn Test Center (ATC) has performed a methodology stndy on passenper yvehicle brake
testing in support of an effort by (e National Ilighraay Traffic Safety Administration INHTSA) 1o develep an
effcctive consumer braking informatien program. With the implementation of this program, consumers would have
avcuss 1o beake performance informalion obtained from standardized test procedures, it addition to the collizion
safety information currently available.

M. OBJECTIVE
The ohjectives of this methodology study were the following:

Task | - Perform braking performance tesis and investigate the causes of stopping distance variability.
Tazk 2 - Provide detatls on a test methodology to minimize variability.

Task 3 - Dovelop a test protocot for the braking initiative.

Task 4 - Identify a methaod 1o report braking performance to consumers.

Task 5 - Develop a test repoct format.

1L TASK 1-Perform Braking Performance Tests and Investigate the Canses of Stopping Distance
Variabilicy

A, Procedare
1. Gemersl Provedare

Service brake effect iveness (ests were conducted on 10 vehicies with anti-lock brake systems (ABS), Testing
consisted of straight-line brake stops from 100 km/hr {62 mph). The brakes wers applied so that the ADS was
activated as quickly s possible and Guily invoked (hrougheout the brake stop il the vehicle came ta rest. Yehicle
speed, stopping distance and pedal force were measured and recorded during each stop event. The vehicies were
operated by professional test drivers wilh brake test cxperience ranging from low to high. Each vehicle was tested
under two payload configurations on both wet and dry asphalt surfaces.

The initial criteria for vehicle sclection was for each test item to be less than one year old with between 8,000 and
16,000 km (5,000 and 10,000 miles) of usage. However, some exceptions tu this rule were allowed based on vehicle
availability. A list of the vehicles used during testing is presented in Table | and a photograph of each vehicle is
included in Appendix A. All of the vehicles were equipped with four-wheel ABS exocept for the Dodge Ram 150H)
4x4, which was equipped with only rear ABS. Additionally, each vehicl selected had an gutomatic tran=mission,

TABIT 1. SUMMARY OF TEST VEHICLES

Brake sposi ficarions
Vehicle No. | Make Mol Yaur Mileage ARS Front Bcar
] Pontiaz | Grand Am 1998 4,483 d-wheel | muors drums
2 | Foud Expuedilion 1998 5,051 d-wheel rokors fotors
3 Toyma Camry 1998 18,020 4-wheoel FOHOrs drums
4 Cheveolet | Malibu _ 1938 B435 4-wheel TOiors drumsy
5 Cadillue L Wille: 1998 2,283 d-whect _ rotars rotors
f Chevrolot | 3ixpress (1-pon} 19949 3,280 J-whaol robors drurns
7 Doy Ram 1500 4x4 (shorthed) 1993 L4, 544 rear-wheel rofos drums
B Dodpe Caravan L1998 15,204 4-wheel . fitars deums |
o Chevrolet | Aslro 1993 8,300 4-whec] rotars Jruims
| 10 _ | Pontiar Bommeeville 1998 5,100 dwheel rotara drums




Vehicle No. 1 (Ponbac Grand Amd was also used as a bascline vehicle throughout leating. This vehicle was
subjected to three instromanted brake stops cach day of testing. These data were used 1o Imvestigale variaions in
stoppitg distance cavsed by changes in envirmmental est parameténs such as riad serface friction, wing speed and
ambicnt temperatur.

Prior to testing, the OEM rires on each veliicle were replaced with new tires of the same make. model and size ax
the originals. Tire mflation pressurcy were sl and maintained at the suggested levels shown on the birss. In
rerospect the imnflation pressures recommenided by the vehicle manufaeiurers shanll bave been used. This chanpe
is reflectsd in Task 3, the test prowocol, Following the tire replacement, gach of the vehicles was operated fior §{) km
{50 miles) at approgimaily 80 km/hr (30 mph) Lo provide a limited break-in for the tires, Ny additional brake
bumish procedurs was conducled.

The weight distribution of each test item was determined with e vehicle empty and after being pavleaded. The
payload was configared based on the recommended 2ross vehicle weight {GYW) and maximum axle ralings
repueted on the driver-side door. Sand bags and body weight simulators, as Zhows in Figure 1, were used as
payload.

Figure 1. Body Weight Simulatar,

Testing was conducted at ATC s Philiips Army Airfield facilily, near the intersection of Ronways 17 and 22 The
longiradinal {est course grade was 0.1 percent, with cach brake stop performed upslope. Tuoad surface fricriomal
coefficients were measared and recorded by the Bastern Federal Lands Highway Division of the Federal Highway
Adminismation per ASTM E1337, both with and without water delivery. Fricognal dats were taken pricr (o tesung
and re-measared periadically fo ensure consistent conditions throughout testing. The lestrig is shown in Figure 2.

2



Figure 2. Friclional Coefficient Test Rig.

The test matrix for the brake performance test was as follows:

Yehicle Test
Vehicle # Cophpuration  # stopg

} a,bed 4
2 bz 4{
3 ab.cd 40
4 ab,cd 40
5 Ak, 40
f ab.cd 1)
T ab,c.d 4
B abcd 40
9 abed d{]
10 ab.cd 4}

Four test configurations were implemented:

[T L=

No payload, dry asphalt
Full payload, wet asphalt

Mo payload, wel asphalt
Full payload, dry asphalt

Baseline Test
Vehicle # Configuration _ # stops
| a 3
1 a 3
I a 3
1 a 3
| a 3
| a 3
! a 3
1 a 3
1 a 3



Test daba collected included:

Vehicle road speed
Stopping distance

Pedal application foroe
Brake rotor temperaturss
Ambicnt temperatire
Tite tempetature

Roud sorface temperaiure
Tirc pressure.

HocoooROo

The test instrurmentation installed on each vehicle consisted of ATC s Advanced Onboard Computer System
{ADUCS), a pedal force transducer, 2 rolling fifth-wheel, driver displays and brake-lining thermocouples {on vehicle
No. | during baseline testing). A GiSL [nc. model 114350 padal elort transducer, Serial No. 90, was instalied on the
brake pedal to measure peda! force. A Nucleus model NCH fiffh-wheel, Serial Mo, 8479, ghown in Figure 3, was
used to measurs vehicle speed and rolling distance. The resolution of the fifth-wheel and the foree transducer were
0.01 m (.03 ) and 10N (0.23 1b), respeciively, '

Figure 3. Grand Am Vehicle with Fifth-Wheel,

Oxher test inswumenlation consisted of a band-held, thermocouple-type pyromebor for measing brake
compoent temperature, tve tepperanre and ambient roadway tempetature. Average wind speed, peak wind apeed,
average wind direction and wind direction standard deviation were obtained in 15-minute inlervals using an
anemometer providad by ATC’s Meteorology Team (MET).

Stopping distance, vehicle speed and brake pedal force data were samplied dmamically during each brake stop
event. The stopping distance measuremeonl was triggered by the vehicle brake light circuit and ended when the
vehicle came to rest. The sampling rates for the fifth-wheel and pedal forcs transducer were 200 Hz and [0 He,
respectivety. o account for variabiity i the targed speed at brake application, the measured stopping distances
were normaiized 1o 100 kmvhr (62 mph) in accordance with SAE J29% {August 1987% All gther vehicle-relaved
measurerients were obtamed statically.



The Fxllowing three sections describe the procedures used fur brake application, brake tetiperaturs measurements
and cooi-down, and water application on the test surface. Each of the three procedures evolved to some degres
during early testing and therefore, are being given separate consideration. While it is not typicatly desirable Lo
modify procedares during testing, early results showed that some modifications were required

2, Brake Application Proceduore

Tust drivers were initially instrocted to perform broke stop events in a manner simuluting & panic stop, with the
transmissions left in drive. The goal was to fully invoke the ABS as quickly as possiblc, exceed the 300-N (112-Ib)
force limit wsed for compliance testing in FMYSS 135 and maintain 3 steady application until the vehicle came to
reat, This brake application method emphasized vehicle per formance, ss oppased lo driver performance, and
cnsured that all vehicle bruke systems were controlled with sufficient force for peak ABS performance.

While testing the first two vehicles, sverage steady-statc application forces typically varied from E100 to 1500 N
{250 to 350 Tt), with peak forees as high as 2000 N (450 ib). Immediate generation of these high forces producad
high initial application rates, generally cxceeding 504 N (112 1h) in 0.1 seconds. While theae high rates were
desirable, the high steady-stalc forces were considered excessive. Therefore, a 660-N (150-1b) rarget was
established for the steady-state force.

A different brake application method was required for the Dodge Ram 1300 4x4, since the vehicle was cquipped
wilh only rear ABS. Tn arder 1o avoid lock-up of the front wheels, drivers had to perform brake stops with less prdal
force than with the other vehicles, while stili achieving optimum brake perforinance. This limilation resulted in
brake stops with significantly lower initial ram p-up rates and subsequent steady-siate force lavals,

3. Brake Temperature Measurement and Cool-Down Procedure

Priar to performing cach brake stop, brake lining temperatures were required (o be kept helow 100 T (21277,
Since the use of thermocouples within the brake linings was not incheded in the scope of this test, thermovouple-type
pyrometers were used to measure temperature. For disk brakes, the lining temperature on the exposed side of the
auter brake pads was recordad, and for drum brakes the reading was taken on the outer surface of the droms,
adjacent to the swept area of the brakes, The initial assumpéion was that the temperaturs gradient across the lining
material and drum material was relatively small.

As brake temperature data was coltected during testing of vehicle Ne. 1, brake rotor termporatures were also
mezaured and recarded. A substantial difference was noted berween the temperature of the front rotoes and the
temperature of the back of the pad linings. While the temperatures on the expased side of the brake pads were found
to bz hetow the 100 °C (212 "F) limit, the roter temperatures rosc above 100 “C (212 °F) and reached as high as 196
“C (383°T).

To gain a better tmderstanding of the heat transfer acress the brake pads, thermocouples were imstalled i e Sont
brake pads and rear brake shoes of vehicle No. | prior to its use as a baseline vehicle. The thermocouples ware
placed upproximately 1/16 inch below the lining surface adjacent to the rotor. During testing of vehicle No. 2, brake
temperatures of (he baseline vehiele were monitored and recorded using the thermocouples as well as maoually with
the pyrometer.

An examination of the temperature results showed that the thermocouple data closely matched ihe temperstures
obtained from the rotars with the pyrometer. The findings reverled that the temperature at the outer sarface of brake
pads was not an accurate representation of the brake lining temperanure. 1t was noted that the rotor and brake pad
combination could be modeled a5 a classic heat equation problem, with the rotor temperature assigned as one
boundary condition of the pad. Using this approach, a continuous temperature gradient woalld be expected across
the pad with the tomperature on the rotor side of the pad being equal to the roter surface temperabure.

Tiased on this model and an analvsis of the test data, it was concluded that measurements of the rotor surface
temperatures yielded relatively accurale measurements of the lining lemperntures at the lming/rotor interface. Lt was



also noted that the rear beake shoe temperatures of vehicle No. 1, gbtained using thermocouples, were significantly
lawet than the temperatures of the front brakes.

As a result of these findings, the brake temperature measurement procedurc wes medified. Throughout the
remainder of testing (starting with the third test vehicle), tha temperatures of the froni brake totors were measured
with the pyrometer and these readings were used as the temperanite indicator to keep below 100 ™ {21 2'F). Rear
brake tempuranmres were alse recorded, but were always significantly cooler than the front.

Typically, after each brake stop, the front rator temperalures wers above the 100 °C (212 F) limit and the next
stap could nat be inftisted. To cool the brakes, the vehicle was operaled at approximately 80 kmehr (50 mph) for
shert period of time after each brake stup. Experimentation showed that the temperaiures could be controlled and
stahilizad with the cool-dows procedure lasting between 6 to 10 minutes, depurnding on the ambicnt lemperahme.

4. Water Application Procedure

For wet asphalt lesting, water was applied 1o the road surface using the water taniker rig shown in Figure 4, The
truck was operated at approxinately 32 km/'hr (20 mph), while water from the tanker was placed over the test
surtace using the disitibution pipe shown on the back of the tanker. The water was released fuwough holes placed
along the Tangitudinal axis of the pipe with pressurc generated from the pressure head in the tanker.

Brior to wet surface testing, three passes were made with the water tanker traveting longitudinally along the vest
area_ as shown in Figore 5. The fitst two passes werg made side-by-side, and the thitd pass was made overlapping
the center of the lane created by the first two passes. The total lenpth of the wet area wat approximately 150 m (500
ft), Prior Lo cach brake stop evenl, an additional pass was made with the water tanker along the conler lane whers
the brake stops were conducted, Water was distributcd with the intent to fully wet the asphalt surface withom
creating excessive slanding water.

Figure 4. Water Tanker R_tg



15t pass
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Figore 5. Water Application Procodure.

When vehicles Mo, 2 and 4 (Faed Bapedition and Cheveolet Malibuh were tested on wet asphalt, some
hyiroplaming was expurichiced. An inspection of the test arca revealod that stading water as deep as 14 inch had
collected in miner depresstons on the test course. To avoid this comdition i Later testing, the test area was displaced
approximately 45 m (130 ft} farther up he runway, while still remaining within the area where the frictional
meAsnecncls wons mken. During subscquent testing, the waler depth penerally remained below 3 mm (1/8 inch).

B. Test Results
1. Weight Distribution

"The weight distribution of cach vehicle without payload is presented in Table 2. The weight distributicn of each
weliicle when [ully paytoaded and its cormresponding gross vehicle weight (GVW)maling is presented in Tables 3 and
4, respectivaly, All weiphls were taken with driver and ATHOCS incloded and with the vehicle Fylly fueled,

1.  Center of Gravity (CG)
The longitudinal CG locations of exch vehicle both empty and fully payloaded are presented in Tables 5 and 6,
respectively. Al tests were conducted with driver weieht (using sand bags) and ADOCS included and with e
vebicle fully fuclad.

TARLE 2. VEHICLE WEIGHT DISTRIBUTICNS WITHOUT PAYLOAD

. Weight
Front axle Roar axte Total

Vehicle kg 1b kp Lt kg L]
Ponhac Grand Am 5B 10 200} 580 1280 14460 F250
Ford Expedition 1360 JO0KD 1220 2700 1580 ST
Toyote Camey LH g1 20HKD &I0 1340 1520 1340
Chevy Malibu LS 240 2080 550 1220 1450 3380
Cudillee Peiille 170K} 2ekid Talt 1686 1540 4320
Drodpe Curavm SE 1110 24440 BAlY 15900 1%70 4330
Dodee Fam 1500 454 1440 31%0 2560 2120 2400 3300
Chevralet Exparss (1-tan) 1260 27RO LN 2L 22440 43443
Theviolet Astro 1120 2460 R 2140 200G A}
Poghiac Boopswlle 1083 23640 Fi3 1380 714 XL




TARLE 3 VEHICLE WEIGHT DISTRIBUTIONS, FULLY PAYLOADED

Weight
Froal axle RBear axle Tetal
Yehicle <1 b kg 1b ka b
Pontiae Thand Am SE 1020 2260 a0} 176 LE20 LT ]
Ford lixpedition 140 J1R0 1820 LI 2600 1R
Tewuta {Zamry LE S 2120 020 2520 1880 4140
Chevy Malibu IS 1020 270 70 1740 1810 980
Cadilla: De'Ville 1260 AT 1 2370 3330 3140
Didpe Caravan SE 1xM LT 1210 26e0 2430 236400
Diodee Ram 1500 4X4 1450 3200 1450 ErLE ) £
Chevrolel Hxpress (1 -ton) | 304} T 1710 JTRD ErA K THAN
Chevrulel Asito 1260 278 1420 3140 LEA0 S92
Pontliac Bonnaville 15400 2510 P L 2070 2030 4530
TART.E 4. GVW MANUFACTURER RATING
Wright
Froot agle Kear axle Tzl
Yehicle _kE_ (13} kﬁ b k b
Pontize Grand Am SI1E LA 2266 TO& 1755 1R24 4021
Ford Fxpediticn 1564 3450 1872 4128 3266 T200
Toyals Canry LE 1033 200 LORE 2400 1898 4180
Chevy Malibn 18 10H}E 2223 BHi 1 TéEd 1808 ALRT
Cadillae DeVille 1259 2776 10576 1372 2335 5148
Dindge Curavan SE I245 2746 1245 2746 2430 3360
Dodge Ram 1560 1726 3806 1724 Jgie 2002 £A400
Cheviolet Express {1 4un} 1633 340 1745 ELLS 30 TI00
Cheyrolel Asbro 1274 ZEH} 1428 3150 1608 3030
Poutias Bonnevills 1141 2316 o ) 2078 A0ED 4551

TABLE 3. CENTER OF GRAVITY, WITHOU'T PAYLOAD

Meagorement

Loneinidinal (forward from reer aule)
Vehicle cm in
Fontac Crand Am SE 1584 &3
Ford Expedibicn 15%.0 £2.8
Toyota Camry ILE 1598 £1.9
Chovy Makibu LS 1704 671
Cadillac DeVille 1775 &b
D@iEE Caravan SE 1715 57.5
Doy Ham 1500 x4 2045 05
Chevrolet Express {1-ton) 1930 T6.0
Chevrolet Aslm 1300 59.4
Ponbtiac Bonoeville 1783 K




TABLE 6. CENTER OF GRAVITY, FULLY PAYLOADED

Measmement

Laongitedinal {forward from sear oxle)
Yelicle om in
Fontiac Grand Am SE 1537 5L
Ford Expedition 1490 §37
Tuyota Camry LE 1345 333
Chevy Malibg LS 1511 595
Cadilles De¥ille 153.7 Al.3
Drodee Caryvan SH 1319 5.8
Drxdge Bam U304 170.3 513
Chevrolet Expross [ -Lon) a0 530
Chevrolet Astro 1308 513
Ponliac Bonneville 1332 0.3

3. EBrmmking

Bruke stop resulis Gom each vehicle in all foor test configurations are presentzd in Table 7. Resuls from day-i-
day haseline esting with the Pontiac Grand Am are presenied in Tahle 8. Siopping distances and deceleration 1ates
shown for each vehicle configuralion are averages of all stops comducted thal were considered w follow the
guidelines presented in e test procedore. Brake stops not conducted properly were ramoved from the data set

Resylrs from each individual brake st Lor cach vebicle can be [vund in Tabies B-1 duwough B-11 in Appendiz B.
Sample plots of applied pedsl cifort versus tme can b foond in Appendix C in Figores C-1 through C-14. Each
figure contains pedal forge plows om all brake stops conducted within s specific tesl configoralion. Cme group of
Plots fom each Lest vehicle is included.

TABLLE 7. AYERAGE BRAKE S5TOFP RESULTS PROM 100 KW/HR (62 MPH)

Dy surface Wet surface

Stopping dislanas Drceleration rate Stopping distapce Deccleration ratc

Vehicle m | K misecs ] e m | f misec’ | fteed
without payload
Footiac Grand Am 5E 451 1472 5.0 162 4.0 N1 6.2 204
Ford 1iapedition F2.0 1704 6.5 7 al.& L0E.0 5.9 15.5
Tovota Camry LE 447 1587 7.4 242 3.6 1757 6.7 20
Chevy Malibu 1.5 4310 1415 8.4 74 45 8 1503 T4 2158
Cudiltac Deville 47.7 1364 15 i 480 1633 T2 3.8
Dodge Curaven SE 5.7 159K T4 2413 S¢.7 1663 7.1 133
Droclye Riwm 150 4204 60,7 1992 5.9 194 &30 2095 3.6 18.5
Thevroler, Express {1400} 507 1664 7.1 231 547 1793 4.6 4
Cheyrolet Astrn 519 1702 6.9 227 533 1749 &7 P!
Poatiac Bonneville 17.8 1367 73 247 497 16173 73 240
fully payloaded

Pontiac Grand Am 5l 46.3 1320 | 78 1 ass [ 513 [ 1715 59 | 226
Ford Expediricn 51.3 168.3 7.4 218 a7} 298 5.4 [7.6
Toyota Camey LE 43.2 151.5 7.3 241 LER 1743 .8 232
Chewvy Malibu LS 47.0 1%4.0 7.7 P | 3040 164.1 7.2 1315
Caditlae DeVille a4 1652 7.1 234 0.0 1639 7.2 234
Dodpe Caraven SE 328 1735.1 .8 224 3.1 1M).6 6.2 0.3
Dindpe Ram 15040 4x4 37.5 1885 £.3 205 6.6 2052 .8 188
Chesrolet Exypress (1 -mon) 5510 1504 6.5 215 56.% 1847 6.4 2.0
Chevrolet Asir 55.59 183 .4 f.4 21.1 =T 1351 a2 ]
Pontiac Bonneyvilie 497 1625 7.2 238 L 1635 il 234




TARLE 8. AVERAGE DRAKE STOP RESULTS FROM 100 KMAIR (62 MPH)
PONTLAL GRAND AWM BASELINL TESTING

| Stypping distmee Drecelemlion wate
Date of testing {199%) vohicls Lested same day m il m/see ftfsec”
g T Ocober Expedition 457 149.8 7.8 258
B October” Txpeditiom 475 157.1 1.5 4.6
9 October Expedition 43.7 143.3 22 274
13 Oclober Carry 44.3 RESE 8.1 P
14 October oanry _ 43.53 1494 79 5.9
15 October Camry 42.6 139.8 k4 27.7
19 Dutaber” Malibn 47.0 1543 7.7 25.1 ]
| 20 October Malibu ) 4d.4 145.7 g1 . 26.6
22 { Jetober DeVille 2.9 1.6 a4 275
23 Oxtuber DeVille 428 - 14001 - 8.4 216
30 Oetober i Caravan 43.6 1430 k3 274
2 Movember Caravin 43.5 142.6 3.3 . 7.2 ]
3 Noyember Caravan 137 1434 B2 270
6 Movember Rarn 1300 44 4.5 146.1 gl w4
- 12 Mevembet Express (1-tcnd 4.6 1442 8.1 26.5
18 Movembet Astro 43.8 1437 82 20.9
20 November Bonneville 43,3 142.1 8.3 27
TTesting wis conducted on damp pavettent with na free seanding water.

ETires wete rotated before esting

C. Analysis

An analysis of the data was conducted to investigate the yariability in braking performance of each vehicle and o
delennine the sensitivity of the brake slops to variables such as pedal etfort, trake temperatuees, surface conditions,
environmnial variations and payioad, The analyses consisted of the following:

The effact of brake pedal effort.

The cffect of braks temperature,

The effect of tire temperalure.

Day-to-day variation effects.

The effect of free s1anding water on wet stops.
Test configuration effccts.

ocoouvoo

[nitially, stoppinp distance results from each vehicle test configuration were compiled and the mean and standard
deviatiom (5 , ) were caiculated for each data set. (ne-sided, 95% confidence interval estimates wete also
determinad for each data set assuming a normal distritartion of the measured stopping distances. The reported one-
sided confidenoe mtervals of each data sei indicate to a 95% confidence that the actual nverage stopping distance is
below this value, The results are shown in Appendix D.

The data ubtained rom Dodge Ram testing were excluled from the following analyses, since the vehicle was
equipped without frent ABS. The rear ABS was effective at eliminating rear wheel lock-up, and thus yaw, during
the brake stops. Howaver, brake applications had 1o be perfirmed with significantly less pedal effort than the other
vehicles in order 1o eliminate front wheel lock-up. Therefore, there was no busis for comparison.

The effects of pedal effort and brake temperarure on individual brake stops were axamined first uging alt of the
brake stop data found in Appendix B, Criteria were then esiablished for each variable based on trends foond withm
the data that adversety affected the validity of the brake stop results. These crileria will be discussad in the
fallowing sections. [ndividual brake stops not mesting Ihe extablished criteria were then removed and the average
stopping distance and standard deviation of the data sst were recaleulated. The final statistics for cach vehicle after
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removing brake siops not meeting estzblished criteria are presented i Appendix E. A summary of the final results
are shown in Tables 9 and 10 and Figures 6 through 9.

TABLE 9, FIMAL STATISTICS FOLLOWING REMOWAL OF CLASS B AND COLD STOPS

Dy surface ) Wt surkioe
Average [ Soandard Averape Standard
stopping distance .. Drcyiation stopping distance deviation
Vehicle m | # m | i m &r_ ft mo | £ ]
o _ without payload ]
Pontiac Orand Am 5E P d45.) 147.9 0.5 X Wl | 210 [ &0
Ford Expedition 5.0 1704 15 5 B3 | 1978 2.7 7
Tuyula Camey LE 4E.8 160.0 6 L9 RER ] 175.7 1.6 33
| Chevy Malibu LS 43.1 1413 0.4 1.4 45.8 130.3 0y | 9
Cadillac DeVille: £7.7 1562 ny |29 49.9 163.6 D& 1.9
Thklge Catavan ST 48.7 158.7 n.G 2.4 5.5 165.5 e |32
Chevrolet Express (| -ton) 30.5 165.6 0.8 2.7 54.4 1783 b 19 |
Chevrolel Asir ] 520 170.5 L4 12 53.1 174.1 0.3 1.3
Pontize Bonmeville 1 478 156.7 .5 .o "me l&l3 0.3 1.7
| Tully payloaded
Pontiac Grand Am SE 46.3 1520 0.5 16 [ 523 HEN 8.3
Ford Expedition 5014 l6s4 | 048 3.1 672 2204 g - [ 1ng
Tipyuta Caney LE 4.2 A&1.5 R 6 53 174.3 07 2.2
Chevy Malibu 1.5 A4rn 154.0 0.7 2.4 S 4 163.2 N 18.2
Cayitllac DeVille a4 165.2 1.2 4.1 50.0 | 1838 .5 16 |
Dodee Caravan SE 524 173.1 1.5 4.8 58.1 1HLG i3 43
Cheveolet Express { 1-4on} 5d.6 1721 K3 ik [ 36l Bl | 1D 3.2
| Cheveolet Astro 558 LE3.0 0.8 2.7 5.4 1835.1 03 . ny
Ponliae Bonneville 50.1 1642 L3 4.4 504 163.3 09 | 30

TABLE 10. BASELIME VEHICLE FINAL STATISETICS FOLLOWING REMOVAL OF CLASS D AND COLD STOPS

Stopping diskoue Diecaleruion tute
Dats of testing {1994} Yehicls lested same day m tt misect | fisee
T October Fapedidon 457 1498 7Y i 25.8
8 October” ' Expedition 178 156.7 75 247 |
_ 9 October Expeditiun 43.7 143.% £.2 26.9
| _ 13 October ) Camry “s 1454 5.1 26.6
14 Ouiober = Camry _ 45.5 1454 .8 259
15 October Camry 420 13%.% 84 277
1% October _ Malibu 170 147.4 R0 263
20 Oetober Maliby 44.4 1457 8.1 6.6
22 Otaber Deille 4249 1407 54 27.5
43 October _ Devile 42.8 1403 8.1 7.6
30 October Caravan 43.6 143.0 %3 7.1
2 Movember Cargvan 43.3 1416 2.3 2712
53 hovember Curzvan 431.7 143.4 8.2 250
6 Movesnber Ram 1500 44.3 1435 £l 26.5
12 November _ Express (1-lom) 44.6 145.1 8.1 26.7
18 November At 43.8 143.7 8.2 P
20 Hovember Eornevtlle 433 1421 %3 27.2
*Testing was comducted oo damp pavement with no free standing water.
BT iren wete totatad before testing.
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Figure 6. Comparison of Vehicic Stop Results on Dry Surface
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Dry Versus Wet Surface.

14



Average Stopplng Dintance (ft)

Slandard Cevintlon (#)

Surace Condilion Campaiaan
Dy versus Wet with Peylosd

ghﬂ
L
=

L]
—
o

PR

2

[T —

&

5

5 5 z 2 § 8 3 g #
“’ﬁ.EEEEE? 3
BB Qo ©Q =
8B W i)

Surece Condition Comparizon
Ory vETaLs Wet with Payioad

12

Carnny
Malibu
Caravan
CadHle:

Exprass
Astra
Banréndlle

i
;i

Figure 9. Comparison of Vehicle Stop Results with Payosad
Dy Versus Wet Surface.

m Ory Surface
m¥yst Surface




1. Brake Pedal Effort Effects

Througheout testing, brake slops were performed by applying a specified {orce instantan sonsly upot the brake
pedal and malntaiming a target pedal force unti! the vehicle came to rest. A typical plat of pedal foree Application
versus time can be seen in Figure 10, The effect of pedal force on vehicle siopping disEmes when applicd in this
manner was analyzed throughout testing. Specifically, two factors were examined closely to determine if variations
in applied pedal effort led to deviations in stopping distimces. First, the initial spike application was analyzed Fo
determine if slower rates in achieving the target pedal force led to greater deviation between individual brake stops
for each test configuration. Second, the pedal force after the initial spike was cxamired (o determine if the
magnitude of the steady-state pedal effort led to varations in stopping distances.

o0, - —- - —— l__- — —_——— |

T3

SN

Pedal Foros |in)
B

Time {gach

Figure 10. Typical Pedal Effurt Application, Pedial Foreo versus Time.

In assessing the initial pedal force application rate recorded during testing, éach stop was placed inlo ene of four
clusses - A, B, Cor 2 - based on the applied pedal force recorded at 0.1, 0.2 and 0.3 seconda for each brake stop.
The applied peda! force range at cach rime interval that define the four classes are shown in Table 11. ATl nake
stops had to Fall within one of the four classes 10 be vonciderad a valid brake stop. Stops with pedal forces talling
below class D were conctuded to have too stow a rise time and not considered valid A sample plot of pedal foree
versus Lime foc each class is shown in Figure 1.

TARI F 11. PEDAL EFFORT CATEGORY BREAKDIWHN

. Force mtaserament
ar 0.1 scoohds I at 1 2 seconds at 0.3 seconds
- Class M it 43 b M 11
M over 445 awer 100 over 445 over 10 uver 445 ower 1000 |
[ 334 — 445 70 = 100 over 443 over 100 aver over 108
| i 222 - 354 -0 over 445 arver 100 over 445 aser 100
L | ] — 50 722 - 445 50 -100 ot 445 over HKE |




- U U

125 el H"““*

100 £ . —
/ /;/ =

Pedal Ferza (I

1] 01 0.2 03 04
Tme (=ec)

Figure 11, Sample Pedzl Elforl Application, Classes A through I

The data recorded from the pedal ransducer showed an initial pedal force present at the brake event starg time ().
The presence of this force can be atiributed to the initial acocieration of the effective mass of the brake pedal and
pedal foree iransducer. This observation is an application of Newton's 2nd Taw. Simply stated, the pedal can nat
move unless a firce 15 applial w i, Under class A stop application rates, initial pedal accelerations of scveral g's
were present. Broke applications at these accelerations to the effective mass of the brake pedal and transducer
resulted in the observed forces,

A statistical analvsis of the data obtanad from each vehicle ander each configuration was done to assess the effect
of the initial Foree spike on stopping distance. The statisticel datn can be found n Appendix D. The average,
standard deviation and 95% one-sided confidence interval were determined for ench group with all gops ncluded in
the population. The same analysis was conducted with stops froan Lese desirable classes removed (one class ara
time) fiven the population wnti! only stops in class A remained.

The brake stop data and the corresponding statistical data showed that, in the majority of cases, improvement m
standard deviation and average stopping distanos was evident with the removal of stops included under class D,
Figures 12 throupgh 15 compare the avernge stopping distance and standard deviation caleulated both with and
without class D stops included for each vehicle configuration set that contained at least one “I07 in the population.
Of the 1¥ data setz, 14 sets showed a decrease in average stopping distance and 13 sets showed 5 decrease in
standard devigtion with the removal of class D stops. Onily the Pontiae Bonneville on dry surface with payload had
an increase in both catepories. An overall anabysis of the clzys D stops supports the trend in improved average
stopping distance and standard deviation. (0Fthe 43 &#al class N stops conducted during testing, 67 poreont (29 of
43) placed in the lonpest three stops of 8 data set. Furthermore, of the 34 longest fhree stops from the 18 daia seis
contaming at least one class D stop, 54 percent were class [, Based on these findings, class T stops were exchided
from the final statistics data presented in Table 2 and Appendix E

The statistics were recalculated afier removing stops under class C and then class B, Generally, the removal of
these stops produced no consistent trends in braking performance or left a population too small in size to examine
statistically,
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Figure 12. Comparison of Individual Data Sets with and without Class D Stops
Dry Surface without Paylead.
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Figure 13, Comparizon of Individual Data Sets with and without Class D Stops
Wel Surface without Payload.
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The steady-state pedal furce after the initial spike was alse examined to determine il its magnitude influenced
stopping distance. In the analysis, 20 brake stops from Gieand Am baseline testing were randomly sciected and
examined. Only stops included i the final results that met the class A pedal effort criterion were selected. The
relevant data from each slop and the average siopping distance and standard deviation of the enlire group is
presented in Tabie 12.

TARBLE 12. RESULTS FILOM 20 RASELINE BRAKE STOPS

hdeasuremenk
Stopping distance Averape podad Fvce
Ltatc® St Mo, m 18 ™ Tk
18 Nweraber i 45.2 1483 5109 1171
1& Mowvember 3 430 141.1 5373 104.1
|22 Qoinbret P 42.% 140.3 17323 872
23 Qctober 1 427 LHLD 11301 W53 |
13 Oetober 1 139 14411 1974 249.2
13 October R 44.1 1446 80435 | 201
14 Ocrober 2 453 148.6 o706 ~ 13812
LS Clctober i 42.5 1395 10837 2369
20 Movember 3 43.4 1425 6946.0 1566
19 Detober 3 44.9 1474 626.7 140.9
2 Movember 1 43.7 143.4 7806 1755 |
3 Mavember 2 43.4 j42.3 514.2 il56
T Octaber 2 45.1 1475 15%3.2 492
7 {dcrober 3 45.8 : 150.1 1376.2 jneq
0 Ocliber 1 418 XN 15364 55
20) November l 42.9 1408 780.6 175.5
30 Qetaber 2 43.3 142.0 4719 106.1 |
| 20 Ouudat ] LER 1437 B34 145.1
14 Cictober 4 44.7 146.8 £RR.3 1927
23 {October 3 419 1407 1054.6 2371
Averdge stopping disancy 43.9m (1439 f) _ Standard deviwion - LOm {33 )
N stops from § Qctober wete included duc to surluee condition, ]

An analysis of the data presented in Table 12 revealed that no significant difference in stopping distance was
evident with varying levels of steady-state appilied pedal effor. The averape stopping distance of the six brake siops
with average pedal elforts under 670 N (150 Tb) was 43.9 m (144.1 {1}, compared 1o 44.0 m {1443 {i) [or stops with
average pedal etforts over 1110 N (250 Tb). The remaining eight slops had an average stopping distance of 43.7 m
(143.4 ).

A further examination of Tahie 12 showed that the longest stop in the set {15.8 m (150.1 ft) on 7 Datober] had a
higher average pedal force than the shorteat stop [42.5 m {139.5 fiy on 15 October]. This observation supports the
conchsion that the magnitude of the steady-state pedal force was independent of slopping distance,

2. TRrake Tcmperators

No trends boiween recorded brake temperatures and brake performance data were noted when cumsidering stops
in which cool-dowr runs were conducted prior to the brake stop, However, initial stops performed with velicles
that sat stationary for extended periods of time, allowing brikes to cool to ambient temperatures, produced
unfavorable results in some cases. Table 13 shows results from the eight stops conducted in which the brake
temperatures were measured within 6 *C {10 "F} of ambient temperature before testing.
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TABLE 13, RESULTS FROM BRAKE STOPS PERFORMED WITH COLD BRAKES
(NEAR AMBIENT TEMPERATLRE)

Stopping Avorage stopping Standard Standard Ambienl
| distance of run distanee of set | deviation of 3l devialions Lemperalishe

Vehicle Configurlion m fi [l Ft m ft [rom weerage | °C °F

- Ford Expedition WerPavleaded | 60.4 | 1983 .0 | 2195 | 33 10.8 2.0 20 L
Toyota Catmey DryNo payload | 476 1 15632 48.7 1397 1.6 21 L7 9 66 |

Chovroler Maliby | WoetPadowled § 463 | 1534 0.0 164.1 .1 10.3 1.0 1% &
Dudee Caravan Dry™No payload | 46.8 | L1537 43.7 159.% 1.7 35 11 A2 | 34

Girand Am Bazcling {1049) | 42.9 | L1400 43.7 143.3 0.4 14 1.7 17 62

| Grand Am Baseline (1¥21) | 469 | 1538 45.0 1476 1.5 40 1.3 15 50
Grand Am 1 Baseline (1622) | 42.8 | 1403 | 429 6 | 0.2 0.5 L6 10§ sn

Grand Am Bascline {130 | 487 | 139.8° 43.6 1430 | 0.3 0.8 87 % 64

“Brake stofr was ool incleded in the original data sed popelsdion.

The data shows that eight out of the nine stops resulted in stopping distances at least one standard deviation from
the average stopping distance of the data sel. Bused on these findings. stops with cold brakes were excluded from
the final statistics presented in Tables 9 and 14 and Appendix E, in addition to the class D pedai efforl stop
excluzion. The remainder of the analysis was conducted with these revised statistics. Al recorded rake
temperature data can be found in Appendix F.

3. Tire lemperature Effects

Tire temperature was measurad to determineg its effect on braking performance hoth within each individual dats
sel and from day-to-day bascline lesting, However, tire temperature varied little from the actual ambient
temperature throughout the beginning stages of testing and therefore, no correlations between tire temperature and
vehicle performance or variability could be established. Accordingly, tire tetperaturs measurements were not
recorded after testing was concluded with vehicle Mo, 3 (Tovota Camey). Hecordad rire teraperatures during tasting
of the first three vehicles can be found in Appendix F.

4. Day-to-Day Variation Effects

An analysis of the results trom bascline testing with the Pontiac Grand Am was conducted to investigate day-to-
day performence variations due to factors such as environmental changes and frictional coetficient changes. A
summary of the average brake stop resulis from cach day and the recorded envircnmenial data is presented in Table
14, All recorded meteorology data can be found m Appendix (. The average wind direction m Table 14 is
prosenied Telative to the direclion of vehicle travel, so that a value of 9 degrees represants a crosswind coming from
the righl of the vehicla.

Rond surface frictional coefficients measured and recorded week!y by the Bastern Federal Lands Highway
Division of the Federal Highway Adminisiration are presented in Table 13, All mezsiremonts shown are averages
of 10 individual chitp tests conducted on the date provided. Results from each individual chirp test can be found in
Appendix H. The peak frictional coefiicient results for dry surface testing generally decreased with temperatime by
approximately 4 peroent over an abient temperature range of 15 °C (23 °F). The only deviation with these results
wis the measurements made cn 15 October, Mo significant vartation in the wet surface frictional measurements was
found.



TABLE 14. AVERAGE STOPPINGG DISTANCE AND EMVIRONMENLTAL DATA
FROM BASELTNE TESTING, PONTIAC GRAND A

r _Mcasurement
Average stapping Standard Amhient Average Prak specd Avg wind
Tyl date distance deviation {emperare wind speed direrdicn
{1598} m ft i ft °C ¥ | km/br | mph | bovhr | mph | {degrecs)
7 October 45,7 1448 0.6 21 | 1% &6 3 3 B 5 108
& Ocrober™ LR 156.7 06 2.1 ] i1 3 1 -3 5 136
9 Oictober 433 143.8 0.2 28 4 17 62 3 2 b 3 I
13 October 343 1454 0.3 L7 20 ol & 4 [ & 184
| 14 Cholutet 45.5 |44 1.2 L7 1% G4 & 4 13 & 145
153 Ocaober 42.5 139.8 0.2 0.7 t4 57 [ 4 11 b 225
19 October™ 449 1474 [ — | - 2 71 5 3 10 6 67 |
| 20 Oetobet 44.4 143.7 0.7 24 & td 5 3 L ¥ Pk
| 22 October 42.9 1406 0.2 0.5 10 50 fi i 13 8 ELLl
23 Qatober 423 1403 [ (. 0.4 11 52 5 3 ] 3 231
30 Cetober 436 1430 | 03 0.9 E; o4 R 3 13 R 41 |
2 Movember 43.5 1425 0.2 0.7 12 54 5 3 g 5 178
"~ Itovemher | 43.7 ] 1434 ] 03 1 1.0 9 | 48 2 1 3 2 o4
| & November® 44.3 145.5 — — 7 15 5 i 10 4] 319
12 Movembst 44,1 143.1 0.5 1.6 14 57 & 3 11 7 250
1# November | 438 ° 143.7 1.0 32 8 46 5 2 & 4 I8
20 November | 43,3 | 1420 | 03 ; L1 | 16 6L | 3 2 3 2 315
. Awverage sopping dislance” —44.3 o 1 145.4 tH) Standard deviation” — 1.4 m (4.3 ff)
Average stopping distance’ —44.0m {144.5 i} Siandard deviation®— 1.0 m (3.4 Ay L
¥ eating was uondactod on damp pavement with ne fre-standing water.
hTires were rotted belire testing
“Chily ane brake stop was valid tor the Final statislics,
alculaked with all dates included.
| “Caluuluted without § and 19 October datey included
TABLE 13, AVTRAGE RESULTS FROAM CHIRP TESTING
[ Meagurament '
Diry surface Wet surface
Ambienl Ambient
Frictiynal T st ypeed tenipeTalue Frictinnal Test speed bemperatae
Tost date (1998} coefficicnt | kevhr | mph C °F eoefficient | kmMre | mph " F
17 Sepimmber 0,949 a2 | 39.9 27 8l 0.869 640 | 398 20 g4
22 September 0.937 4.4 4014 25 il .8482 3.0 40.4 15 77
i Ocluber n.y34 fd.2 399 26 78 f.53% 1.2 9 4 75
15 October RS) 643 40.1 17 _ 02 (0.847 644 40.0 19 &b
19 (dctober 4.932 5.0 4.4 22 71 0.878 4.2 39.9 21 70
28 Qotoher 0.923 £5.2 | 10.5 14 57 0875 4.7 40.2 13 59
| @ MNovernber 0 G5s .5 40.1 12 hX] . 86 653 4.6 12 53
24 Novenbit |  o9lé 4.5 44.1 15 | 5% 0471 &40 39.8 15 549

it the limited environmental conditions n which these tests were conducted, no consigent trends were cvident
hetween the average stopping distance of the Grand Am and the changes in the ambient temperaure, assogiated
frictional coetficients or wind speed. Likewise, no trends were evident when considering the caiontated standard
deviations.

To better quantify the impact of wind conditions on brake testing, an engmeering analysis was conducted to study

the effeet of nerodynamic drapg on a test vehicle experiencing a head or tail wind during a brake stop. The analysis
and sample calcolation, presented in Appendix [, are based on 2 representative brake stop from the data set and
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appropriate values for the coefficient of drag, vehicle fruntal area and air density. From this analysis, Figores 16 and
17 ari provided to show the possible differences in stopping distance results due to various wind conditions. The
drag coefficients (Cp) and vehicle frontal areas (Ap) nsed represent the expected upper and tower limies for the

vehicles tesred.
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Fipure [6. Wind Effects with Cp= 0.3 and A,=23 m°.
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Figare 17, Wind Effects with Cp= 0.6 ang A=2.8 m?,

Based om the analysis, a represcrilative worst cage scenario with & head wing traveling at the peak wind speed
measured during testing 7129 km'hr (8.0 mph)] resulted in approximately a t.4-m {1.4-f) difference in stopping
distance, Hence, the analvsis supports the observation that the winds experienced during (2sting bad minimal impact
on the stopping distance resulls,
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5. The Effect of Free Standing Water on Wet Stops

Anather variable considered te impact the variability in braking performance way the depth of the fres standing
water during wet brake stops. As previously mentionad in the procedure, standing water as dewp as 144 inch
occurred in portions of the brake area during testing of the first four vehicies. Because some test runs resulied in
naticeable hydroplaning, the test area was moved a shott distamoe to an area whers the water depth rematned under 3
nus { 1/8 inch) and significant water coflection was avuided.

Although it is difficult to asscss the etfect of waler depth on stopping distance without further tosting, a
comparison of the standard deviations of the data sets before and alter the fest area was moved does indicate a
greater variability in stopping distance with water depth over 3 mm {1/¥ inch). A comparison of each vchicle’s
standard devintion on wet pavemnent is presented m Figure 18,

Standard Devialion Comparisen on Wet Surface
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Fipure 18. Standard Deviations of Vehicle Data Sets on Wet Surface,

As shown in Figure 18, ail four vehicles tested before the test area was moved (Grand Am. Expedition, Camry
and Malibu} experienced 2 significanitly higher standard deviation in at least one payload configuration than the
vehicles tested after the test arca was moved, This irend suppocts the absenvations mads concerning hydroplaning
during the testing of vehicles No. 2 and 4, and lends evidence that other instances of hydroplaning may have
oceurred during wet bruke stops before the Lest area was moved.

6. Test Configuration Effects

An analysis was canducted 10 investigate the sensitivity of the measured stopping distances and their associated
variations te the four test configurations shown below:

Full payload, dry asphalt
Full payload, wet asphalt
No payload, dry asphait

Mo payload, wet asphalt.

oooo

This analysis does not differentiate betwesn the variations due to vehicle performance versus test methodology.
However, it does support some intuitive notions related to brake testing rosalts.
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For the analysis, a test occaston refers to the set of daim for a particular vehicle under any one of the four test
configurations shown in the test matrie. Within-cecesion data refers to the mean and standard deviations for a
particular test oeeasion. Oeeasion-to-pceasion data refers to a comparison across test cccasions of the within-
cocasion mems,

The within-pccasion data for each vehicle, presented earlier in the tepott, were grouped aceotding to the fout test
confipurations. Within sach confipuration grouping, all fine vehicles were represented. For sach configpration, the
within-occasim standard deviations were statistically combined to detennioe the pooled within-occasion standard
deviations. Mext, the within-gccasion mesms for each configuration were compared 1o determine oscasion-1o-
vecazion means ang standard deviaiens. Finally, the within-occasion and occasion-to-occsion slandand deviations
were combined o determine the total system Jdispursion for each configuration. A similar approach was taken to
analyze the four standard tost parameters independently, The results are presented in Table 16,

TABLE l&. STATISTICS GF YEHICLE INDEPENDENT, CONDITION DEPENDENT DATA SETS

Average stopping distsnes Syylem ispersion

Drata sct . m ft . m fi

Dy asphait, oo payload 48 4 158.7 3.1 13

Dy asphalt, with payload . 507 166.4 34 Aund

Wet asphalr, an payload 527 kI 4.7 153

Wed syphult, withpayload . 54.0 1 1880 5.8 : LA
Dy asphalt, bath vehicls confipurstions 496 1626 34 : 1

Wet asphalt, both vehicle configurations 538 1765 32 17l

Mo payload, both asphalt conditions 50,5 1658 4.5 143

With payload, both asphall conditions 528 1732 51 : 6.7

As would be expected intuitively, the largest system dispersion resulted from testing under the Fall payload, wet
asphalt confipurstion, followed by testing under the wet, no payload configuration. The results also indicate that the
bruke test resuliz are siightly more sensitive to wet asphalt conditions than to pavload configuration.

D Conclusion

With the exclusion of Class B stops and cold brake stops from the data sets, the Anal statistics show relatively
stnall standard deviations in measured stopping distance for the four configaraiions tested. Exceptions were noted
within the wet surface resulls for the Pontiae Grand Am and Ford Expedition in both payload confipnmations, and the
Chewrolet Malibu m the full payvload conlfiguration. The resulis kv the Expedition on dry pavement withont payload
also showed a relatively high variation i stopping distance.

The hydroplaning cxpericnecd carly in testing may have cauzsed the higher standard deviations observed with the
Grand Am, Malibu and Expedition during wet surface testing. Onca the wet surface brake stop location was moved
to avoid hydroplaning, the wet surface results improved considerably. livwever, the cause of the relatively high
standard deviation observed for the Expedition tested without pavload on dry surface is unknown, Additional
testing of the Expedition is necessary to determine if the results were vehicle-related or the conzequence of an
uhexplamed test condition,

Baseline test results also showed relatively small vanation in stopping distance within individual test cocasions.
However, sone spread in the avergpe stopping distance fhon oocasion to occasion was observed during sarly
testing, wilh results bacoming more consistent during the last two thirds of the tests conducted. Tw of the dats sets
were nuled Eo have irregotar test comditions, snd showld nit be compared with other data. The inconsisiencies in
average stopping distances observed in early testing conld nof be attritnired to changes in ambdent temperature,
fricticnal coefficient or wind conditicns, but may have been a result of an initial break-in peried of the brake
components or curing of the tires. However, within the fremework of this test and the analvses conducted, no
detinite cause was evident.
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V. TASK 2 - Provide Details on Methodelogy to Address Yariability

The results obtained from 1 00-km/hr (62-mph) brake effccliveness testing with vehicles equipped with ARS wore
analvzed in Task 1 to investigate the sources of stopping distance variability. The analysis showed that certan
parameters significantly affected the performance results, while other test variables had little or no effect on the
variahility of the data. This section of the report will review the findings from Task | and provides details m
methods to reduce test variability. Test factors ot addressed in Task 1 that were beyond the seope of the test marix
will also he discussed.

Wany of the test conditions and procedures outlimed it FMWSS 135 were utilized thronghout testing, Dotails
provided on tesl methodotogy in this section are intended 1o supplement the test procedures of FMVES 133, These
supplemnents are recommencded afler giving appropriste consideration to the test indings m Task 1 areas such as
padal force application, brake temperature and water application.

A. Pedal Effort

The test results from Task 1 were analyzed to investipate the effects of the initial bxake padal force application
rate and the subsequent steady-state pedal force on stopping distance variability.

As owtlined in Task 1, each brake stop was placed into ane of four classes of mitial brake pedal apphication - A, B,
C or O - with class A having the highest pedal force rate and class D having the lowest. An analysis of the resufis
showed that data sets including class D stops generally had a higher variability in stopping distance than the sarte
data sets with class D stops removed. [t was conchided that slow pedal force rates may have delayed the initiation
of the ARS system and consequently, increased the stopping distance varinhility of the data set. To provide a more
accurate measure of ABS breking performance for each vehicle, class D stops were excluded.

Further analysis of the effect on stopping distance variability by successive exclusion of class C mad B stops from
fhe data sets was inconclusive hecause of the small sample sizes associated with class B and C stops. Therefore, the
impact of the malusion of class B and C stops ot stoppmg distance variahility is not folly known.

ATC recommends that al! brake stops meet the class A pedal force criterion. The addition of this criterion will
assist m reducing stopping distance variahilily caused by differences in the nitial pedal effort mput and ensure
repeatable ABS initiation.

An analysis was also conducted to invesiigate the effects of steady-state pedal force on stopping distance. Using
the results Fom baseline testing, it was venified that stopping distances were not aftected by significant differences
in the average pedal force of Lhe brake stops [mnging from 440 1o 1730 N {100 to 390 16)]. Therefore, under the test
requirement that the ARS remain activated throughout the entire bruke stop, the analysis showed that excessive
pedal forces are nod required to obtain consistent and representative performance results.

Considering these findings, ATC recommends that steady-state pedal foroes fall between 500 and 800 N {112 and
180 1b) during testing. The range exceeds the requirement presented in FMVSS 135, while defining an acceptable
and easily achievable upper and lower target limit for the test driver, Steady-state pedal forees in this ranpe aiso
emsure that the ABS will remain Rilly nvoked throughout the entire brake stop.

B. Vchicke Parameters
The variability In braking performance results cavsed by lest parameters such as brake temperaturd, tire
temperature and payload characteristies was exumined iv Task 1. All thres parameters were considercd to be
vehicle test variables that could be cantrolled prior to the start of each test.
As discussed in Task 1, nine brake staps were conducted with brike tetmperatures meastred within 6 °C (10 °F) of

ambient temperature. An analysis of thesc stops sh owed that in eight of the nine cases, the stopping distance placed
at least one standard deviation from the average stopping distance of the duta set. Therefore, becauss inconsistent
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test conditions may have led to varisbility in stopping distances, brake stops performed under this condition were
removed. The exclusion of these brake stops is further suppotted by the fact that brake temperatures Lypically
excesd ambisnt temperatures during normal operation, and that brake staps performed with “cold brakes™ could be
considered 1mrealistic.

To address variability in brake performance caused by “cold brakes™, ATC recommends thal all stops be
conducted with front brake rotor temperatures between 65 and 100 °C ( (49 and 212 °F), as requared in FMVES 135.
Rotor temperatures fillinyg below this range should be heated by makiog oo= or more brake applications as outlined
under Section 56.5.6 in FMWVSS 135, All brake temperatures measured above 100 °C (212 "t} should be cooled by
driving the vehicle witho brake application at speeds vp o 100 kruhr (62 mph) unlil Gelling inte the acceptable
temperaturs rangze,

Mo eomzistent trends hetween braking performance and tire tet peratute were noted, 'Tire temperatures were
generally comparable with road surface temperatures and therefers, no comrelations between Hre temperature and
variations in stopoing distance corld be established. However, #t shoutd be noted that testing was conducted with
varigus brands and models of tires, which may have affected stopping distance performance, espectally under wet
conditions.  For this reason, the trand and model of the tires on test vehicles should be identified in the test resolts
provided to the consumer,

Vehicle payload was also analyzed in Task |. As expected, the results showed that vehicles demonstrated
increased variabilily in stopping distance when fully payloaded versus enply. Howewer, since ouly one [ull-payload
confizuration was tested for each vehicle, the impact of varyimg the vehicle's center of gravity location on stopping
distance variability could not be determined. Bocuuse insuffictent data was olsnined to make recommendations
regarding payload procedurs, those deseribed im FMVSS 135 should be followed.

C. Environmental Test Conditiens

Test condiions such a5 wind speed, ambient temperature and road surface friction coefficient were recorded and
gnatyzed in Task 1. Observations were also mads conceming the delivery of water to the Lesl area lor wet surface
testing, O these environmental test conditions, only the depth of the water on the test area during wet surface
testmg was found to significantly increase variability in brake performance,

Ambient temperature varied little throughout testing [ranged from 7 1o 21 °C (45 10 75 *F)], mecling the eritena
outlined it FMVES 135 [between 0 and 40 °C {32 and 104 "F}]. Since no testing was conducted with an ambient
lemperature above 21 °C (735 "F), conclusions sepmrding test results at temperatores approaching 40 °C could not be
drawn. Therefore, given the data obtained from this study, there 15 no baais to deviale fom Lhe ambient temperature
criteria specified in FMYSS 135

Average and peak wind speed also showed little variation throughout testing, with an average speed ranged from
210 8§ kmthr (] to 5 mph) and peak spoed not exeeeding 13 km/hr (3 mph)]. Asa result, oe sight could be gained
irom the test datz regarding the effect of wind conditions on stopping distance, Therefore, an analytical
investigation was conducted in Task 1 to determine the sensitivity of wind conditions on stopping distance. Based
on the engineering analysis pertormed, it was concluded that the wind spesd criteria provided in FMVSS 135 [{not
preater than 5 mis {11.2 mph)] is adequate.

The peak surface Fictiim coelMcient alse showed little varistion thoowphout testing on both wet and dry surfaces.
As a result, variations in stopping distance could not be attributed to this parameter. Testing was conducted at a
single tocation with pegk friction ranging from .89 to 0,95 and (.85 t0 0.8% on dry and wet pavement, respectively.
Comsidering the range of dry surface fiction coefficients experienced during this study, the 0.9 nominal valuc
specified in FMVSS 135 appears to be adequate for future teating,.

Wet surface testing is not addreszed in FMYSS 135, Dased on infwmation from NHTSA representatives, the

typical peak friction value for wet surface testing at othar test sites is nominally 0.8, which is lower than those
experienced during thiz study. Since adequate results were obtaitted with a wet peak Iriction value of 0,85, il seéms
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reasmable to expect adequate results with a friction coefficient of 0.8. However, ATC recommends that the
specified nominal value be no lower than ©.8, so as not to doviate too far from the regults of this study.

An analysis of the results confimmed observations that hydroplaning occurred carly in testmp and was responsible
for mcreased variahility between stopping distances. To mmimize variations in brake test results during wet surlace
testing, ATC recommends that courses should be free of cullection areas, and water thickness should be monitored
and kept below 3 mm {1/8 inch). The results presented in Task 1 show thal testing under these surface copdrions
resulted in significantly less variability in stopping distances without any noticeable incidents of hydroplaning.

D. Instrumentation and Measerement Techriques

Standardization of the instrumentation and measurement techniques used to determine stoppmg distance is
TECESSATY to ensure consistency and accuracy of the reported results between test agencies that may perform the
brake tests. The information in the following paragraphs is based on the results of this etfort as well as prior test
experience.

ATC recommends that « rolling fith-wheel sensor with quadrature capabilivy be usedd v messuTe SIOpping
distance and vehiste spead. Non-certiact sensors should be avoided for this application due to the mareased
potential for error as vehicle speed approaches zaro, particutarly on wet pavement. The usc of the quadrslure
technique will account for fitth-wheel directional changes resulting from the pitching motion of the vehicle ag it
comes o rest. ‘The sensor should be Tocated on the vehicle such that the wheel does not leave the pavement sur face
al any time during the brake cvent. Prior to use, the fifth-wheel should be calibrated by operation over a known
distance.

The brake event start time should be initiated by activation of the brake light circuit. The gwitch at the brake
pedal and the electrical circuit should be inspected to ensure the circuit is activated by minimal movement of the
brake pedal. While more elaborate techniques and sensors could be used, the rosults from this effort indicate that
use of the hrake light circyit is adequate. The event should be comcluded when the vehicle comes to rest

Pulsa counts from the ralling fifth-whee! should be summed throughout the entire beaking evenl. With quadrature
capability engbled, counts resulting fram the rocking of Lhe vehicte a3 it comes to rast will be nulliticd. Cace the
vehicle catmes to rest, the (sl pulsc count should be multiplicd by the scale factor determined during calibvation to
calculate the sclual stopping distance. Vehicle speed should be delermined by dividing the pulse count during each
sample period by the sample time interval.

The pedzl force tranducer should have adequate resolution 10 determine whether & pedal application meets the
class A stop erlteria, A maximum transducer output range of 200 1o 30 1k is recommended.  Although a 10 Hz
sample rate was used for the pedal force transducer in Task 1, the 40 Hz minimum sample rate required in FMVSE
135 is recommendead.

E. Test Sample Skze
For statistical purposes, it is always desirable to have 4s large a sample size as possible. However, program
cansteaints such as cost and tine efien dictats a reduced sample of the population. Based on the resulls Gom Task 1,

a sample size of 10 stops per test condition is practical. Tests mn a gingle vehicle were achievable within ane day
and the results showed small variations in stopping distance, ensuring reasonable confidence in the data.
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V. TASK 3-Develop a Test Protocol for the Eraking Initiative
ATC recommends the following protocol for the consumer braking program. The pretocol is bazed on the test
procedures and results from this shudy and relevanl seelions ol the Federal Moior Vehicle Safety Standard {FMVSS)
M. 135, Passenger Car Prake Systems. Althowgh Tasks 1and 2 only addrassed testing for vehicles equipped with
ABS, the procedures recommended here are more general and inclode non-ABS equipped vehicles.
A, {Geperal Test Conditions

Adhere to Section 6 of FMYSS 135, with the following modifications:

1. Chanye 862 F. Povemeni Friction to require a nomingl peak frictional coefficient (FFC) of 0.9 for
dry pavement

2. Replace 56.4. fnstrumerntation with the following:

Brake temperature measuremernd, The brake temperature 1s measured at the surface of the Font
brake rotars with a calibrated hand-held pyrometer.

Vehicle speed and stopping distance measuremant. The vehicle speed measurament is performed
using a calibrated rolling fifth-whesl transducer with quadtature capability. Priot to testing, an
accuracy not exceeding 0.5 percent shall be verified on 2 pre-measured A0-m {200 tast lane.

Brake pedal effort measurement. The pedal effort measurement is performed with a calibraled
wansducer on the brake pedal. This wansducer should nol mterferc with normal brake application.

Aremometer. The ambieti temperature, wind speed and wind directivm measurem ents are ta be
performed with a calibrated anemometer located at the test site,

3. Add the llowing:

WFer surfoce condirion. For wet surface testing, the test area shall be fully wet with standing water
not deeper than 3 mm (1/8 inch}. Water shall be re-applied to the test surface prior o each brake stop
gvent.

B. Procedoral Cooditions
Adhere to the following sections of FMVSE 133, with the noted sxceptiens:
1. S§6.53 Smapping Distoner; 36.5.3.1 Only.

2 B854 Vehicle position ard ofiflecde.

3. SA.15 Teansmrission selector comirnl;, Testing is to be conducted with the transmission in gear.
Adbere to 56.5.5.2.

4. 86.5.6. Initicf brake temperature (BT},
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. Required Test Data
Test data to be collected includes:

Vehicle speed

Stopping distancs

Pedal application foree
Brake rowm lemperaturss
Ambicnl tempetanire
Road surface temperatore
Tire presaures.

gooooaod

D Measwrement Techpiques
Stopping distance. A roliing Gfth-wheel transducer with quadrature capability shatl be mountsd on the vehicle
and used to measure vehicle stopping disiance. The brake stap cvent start tine shall be initiated by aclivation of the
brake light cirouit and stopped when the vehicle is al rest. The switch at the brake pedal and the elecirical citevit
shall be inspeeted and adjusted to ensure the sircuit 1s activated by minimal movemenl of the brake pedal. Stoppmg

distange shall be delermined by semming pulses from the fiflh-wheel during the brake cvent, and multiplying this
sum by the appropriate scale fuctor, A mimimnum sample rate of 40 Hz is required

Vehicle speed. A finite-difference technigue shall be applied to the pulse counts from the fifth-whes! over each
sample period to determinc the vehicle speed.

Broke pedat force. A force transducer shall be applied to the brake pedal to measure pedal effort, A minimum
sample rate of 40 Hz is requirad.

Stopping Disiarce Normalizadon. Al sopping distance measurements shall be nermalized in accordance with
SAF 299 (Augusl 1987} based on an initial vehicle speed of 100 kn/hr (62 mph}.
E. TRoad Test Procedures
Adhere to the following sections of FMVSS 135 and the noted additions and cxceptions:
1. &§7.! Bunish.

Exceptien: Omit the temperalure requirement from §7. 1.3 {ur) frierval between runs and base
the inter val strictly oo the distance requiranant.

2. §7.5 Effectivencss Test. Change to the following:
a. 5 7.5.1. Vehicle Coudition

(1) Vehicle load: GVWR and LLVW.
{3 Transmission position: In gear.

b, 5752 TesiCondidons
{1y IBT:65°Cto 100 °C (142 °F to 212 “F).
{2) Test Speed: 100 kan/h {62 wph).

{3y Wheel lockup: No noticeable lockup of any wheel allowed.
{43 MNomber of runs: 10 at each weight configuration.
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{5} Test Surface: Nominal PFC value of 0.2 for dry pavement and 0.5 for wet
pavement

c. Brake Pedal Application Procedure

ARS- The brake pedal is to be applied so that the pedal effirt exeeeds 445 M (100 )
in 0.1 seconds or less, while tarpeting a steady-state applivation force of 670 N (150 1b).
The allowabte range for the pedal force is greater than 300 N (112 Ib} and less than 800 N
{180 tb). The target force is to be held consiant until the wehicle comes to real.

Non-ARS. The brake pedal is to be applied so that the vehicle is stopped in the shortest
possible distance, while avoiding any instances of wheel lock-up,

d. Water Application Procedute

For wet surface testing, water shall be applied usmyg a water tanker truck that i
equipped Lo distribute water evenly across the width of the test lane. Prior to wet surfacs
testing, three pagges shall be made with the water tank traveling longitudinally along the
rest area (shown previously in Figure 5 in Task 13, The first twn passes shall be made
side-biy-side, and the third pass shall be made overlapping the center of the lane created
by the first two passes. The total lengrh of the wet area shall be at least 100 m (330 #).
T'rior te each brake stop event, an additional pass shall be made with the water fank along
the center lane where the brake stops are o be conducted, Water shall be diswibuted 10
firlly wet the asphalt surface while keeping the water depth in any area of the test lane
balow 3 mim (1/8 inch)

¥1. TASK 4 - Tdentify a Meihnd o Reporl Braking Performance to Consumers

The zoal of te comsumer braking program is to present accurale, unbiased brake performance nfivmation that
the comsumer can tind useful and nformative, Brake performance measures should not be skewed in any way to
presanl Lhe best stopping distance fir a spevific vehicls, but should include the results from all brake stops
condugted nndet the required test conditions.

To assist in the sclection of a repocting method to the omsurnoer, the final results from each vehicle are presented
in Appendix K in terms of the mean, standard deviation, 95% one-sided confidence interval and 95th-percentile
{1643 standard deviations above the mean) and S%th=-percentile (2. 320 standard deviatioms above the mean)
stopping distances. OF theze performance measures, the concept of standard deviation and 93% confidence interva)
may not easily be understood by the averege consumer, and should probably be avoided.

Two measures of braking performance that may ctfectively inform the conswener of a vehicle's braking
performance are average stopping distance and ®3th-percentile stopping distance, The avirage stopping distance
represents a valid mean of the wehicle's brake perforinance over the 10 stops performed during testing, with all stops
included in the caleulated average. The 95th-percentile stopping distance provides a measure of brake performance
based on the average stopping distance and the variability of the dats set.

The 25th-percentils sioppmg distance informs the consumer of the distance within which the vehicle should stop
03 pereent of the time.  Vehicles with high vanability will have 95th-percentile stapping distances significantly
higher than the reported average, while those with small deviations between individua! sropping distances will have
values closer to the reported average. This concept is illustrated by comparing the Tollowing two sets of data:

Avp. stopping distance (f) Standard deviation (ft) 95™.percentile stopping distance (f)
Vehicle A 1715 8.5 185.5
Yehicle B 174.1 15 1Tab
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Considering the average stopping distance, vehicle A showed better braking performance. However, because the
variability of vehticie A was signiticantly higher than vehicle B during testing. vehicle B had a shorter 95th-
percentile stopping distance. ud therefore, provided better performance reliability.

Overall, the average siopping distance and 95th-percentile stopping distance values provide the consumer with a
measnre of the vehicle's slopping distance and stopping consistenoy. The consumer should be infortned that e
Findings were based on 10 stops perfurned under the same kst conditions, and a normal distribgtion was assumed
when determming (he 95th-percentile stopping distance yalue, The consumer should also bo informed that the
conditions under which these tests wers conducted do not necessarily match the conditions found in afl real-world
brake events, and that the information is based on testing performed ueder procedural requirements.

VIL. TASK S —Develop a Test Report Format
A format fur reporting tests conducted in support of Lhe consuemer braking program is provided in Appendix T..

‘I'he format is struchured in outline form in an effort to standardize the method in which bruke stop results are
reported to NHTSA. Tables to report the test findings and to provide analysis of the data are inchuded.
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APPENDIX A. VEHICLE FHOTOGRAPHS

Figure A-1.
Figure A-2.
Figure A-3.
Figure A4
Figue A-5.
Figore A-b.
Figure A-7.
Figurc A-8,

Figare A-5.

Pountiac Grand Am

Ford Expedition

Toyota Camry

Chevrolet Malibu
Cadillac DeVille

Dodee Caravan

Dodge Ram 1500 dxd
Chevrolet Express (1-ton)

Chevrolet Astro

Figure A-10. Poniiac Bonneville



Figure A-l. Pontlac Grand Am

Figure A-2. Ford Expedition



o Akl vehetee

Figure A-3. Toyota Camty

ol Tl wehnecie

Figure A-4. Chevrolet Malibu



Figure A-6. Dodge Caravan



Figure A-7 Dodge Ram 1500 4x4
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Figure A-8. Chevrolet Express (1-ton)



Figure A-9. Chevrolet Astro

Figure A-10. Pontiac Bonneville



APPENDIX B. INDIVIDUAL BRAKE STOF RESULTS

Table B-1.
Table B-2.
Table B-3.
Table B-4.
Table B-5.
Tabl: B-6.
Table B-7.
Table B-3.

Table B-9,

Pontiac Grand Am

Ford Expedition

Toyota Camry

Chevrolet Malibu
Cadilla: DeVille

Dodge Caravan

Dadge Ram 1300 x4
Chuevrolet Express {1-1on)

Chevrolet Astro

Table B-10. Potitiac Bonnevilie

Table B-11. Pontiac Grand Am (Baseline)



TABLE B-1. PONTIAC GRAND AM SE, BRAKE STOP RESULTS FROM 100 EWHE (62 WPH)

Measurement
Stopping Nistance Deccleration Rate Pedal effor at (.1 sec | Pedal effort al 0.2 sec
StopNo. | m | H misec | Iused” N | b N_ |
Diry surface without payload '
1 4435 116.9 8.6 781 634 1719 12330 2772
1 450 147.3 83 280 BU7 2 0.7 1375.3 3092
3 4540 147.3 %3 Tl 7241 1628 12632 3810
4 45,3 148 4 8.5 278 500.5% 1126 1270.3 1836
3 433 1494 5.4 p. i 0438 23470 1591.9 3579
& 455 1493 5.4 277 10782 2424 15043 3383
7 153 1454 8.5 175 4585 1330 14283 3371
3 344 1356 87 R4 10RG.2 2442 15333 3437
5 3.4 13453 37 28.4 BE38 1987 1453 9 3336
10 15 % 1503 54 275 283 2087 1412 3740 |
Dty surface wilh payload
1 16.8 1535 52 269 70851 1502 1 007 FYER:)
2 151 143.0 B3 27Y 3376 1883 1276 7335
3 46,5 1526 83 271 G289 1414 1257 0 2824
i 16.7 1543 82 2740 3710 2183 ETEA] 16
5 16 4 15212 i3 372 8327 1917 1252.1 RS
6 46.4 152.3 83 272 218.5 2065 13%6.7 340
7 460 151.0 £3 274 G205 155.3 12317 276.9
3 ah.7 1530 52 7.0 F710 2183 1360.2 3054
g 366 1528 %2 71 UBA. | 2217 | 13443 347
10 16.1 1513 23 273 1007 3 226.3 14323 70
Wet surtace without payload
1 &0.1 157 0 6.4 210 7504 1687 1353.1 3042
) 582 1909 6.6 T 1041.7 234.7 1440 3 3738
3 56.1 1840 6.9 223 2469 55.5 1229.% 176.3
3 58.0 1932 6.5 214 9874 2221 12663 2847
5 54.4 [7%.5 7.1 2332 0600 F38.3 14238 201 |
I 330 183.4 6.9 25 10385 2313 1571.5 3533
T 397 194.3 6.3 21.3 958 1 724 4 1426 3206
3 575 188.6 6.7 219 6788 152.6 1123.6 2324
3 578 182.6 6.6 pYES 5727 1962 1397 6 3132
10 6.5 066 6.3 205 4139 913 1249.9 7310
Wel surface with payload
1 50.2 164.3 7.7 25.1 8727 1962 T615.1 3631
2 523 1715 7.4 Zd.1 9104 206.7 1357.1 305.1
3 [T 163.3 1.7 233 ! HIEE 8152 1053
3 515 1703 T4 243 10355 1328 1507.0 IIER
5 50,9 167.0 1.5 248 11714 2647 15524 | 345.0
6 31) 1675 7.5 247 10762 2406 13015 109 .6
7 5350 1803 7.0 229 1096 .4 246.5 14754 33T
5 549 1801 70 230 0812 T20.6 1491 0 1352
9 i83 1584 R.0 26.1 &40 220, 1 15030 3379
1 340 177.3 7.1 733 6939 156.0 13500 3035
11 36 % 1862 6.8 222 5513 1243 1227.6 276 0




TABLE B-2. FORD EXPEDITION XI.T, BRAXE STOP RESULTS FROM 100 KM/HR (62 MPH)

baamremenil
Stopping Distance Dgceluaton Rate Pedal cforiat €1 sec | Podal effoc at 0.2 sec
Stop No. m | f misect [ flfsec” N [ b N | 1
Dry surface without payload
1 496 | 162.8 7.7 25.4 2700 &0.7 607 6 135.7
2 3.5 168.9 73 245 G027 135.3 12672 283G
3 30.4 1652 7.6 250 7797 753 13148 295 6
El 503 1649 77 23510 8576 1928 13215 7572
5 308 166.6 T8 243 B304 1867 1316.6 296 1
& 511 1678 73 236 5303 213.7 13914 3577
7 536 1758 7.2 23,5 7623 714 1110.7 23497
3 5.4 168.5 7.5 245 19,2 2044 1430.0 3213
] 537 172% 7.3 239 TR0 1758 1312.6 295 1
10 581 190.7 6.0 1T 6774 152 3 1121.7 352.2
Dy sweface with payvload
1 304 1633 76 250 313.7 93 0 1375.3 3092
1 39.0 160.6 738 357 963 9 716.7 13363 3729
3 521 170.8 74 242 74,7 168 R173 186,01
3 L 1651 76 250 3320 1196 1736.1 2779
5 328 1733 73 138 7002 15 4 533.6 1874
6 52.4 1718 73 M 107.2 pEN| §39 3 128.7 |
7 53.8 176.4 A 23.4 272 196 6027 1353
] 0.8 166.7 Té 248 3177 933 T418.0 3158
9 313 1691 T3 4.5 595.6 BEER] 13959 8 3147
Wel swrface without pavload
1 0.9 1597 6.3 207 7121 160.1 12250 I753
2 63.4 2080 6.1 19.9 176, 1 396 G654 1496
3 G6.6 1184 53 18.9 3834 362 T00 5 1778
£l 596 1957 6.4 210 7121 160 1 11427 256.0
5 508 196.2 6.4 211 3602 B10 10671 2390
6 385 1929 6.3 214 TG 177 8 i237.9 2783
7 389 193 4 6.3 1.4 T06.% E 1314 % 195 6
g 58.5 191.8 6.6 1.6 3469 40 11327 256.9
9 303 194 4 6.3 213 G818 1535 11774 2647
Wet surface with payload
f 6348 2125 59 15.5 6605 1383 1485.6 3330
2 644 .3 6.0 196 1097.3 2467 15857 356.3
3 703 230.6 33 179 951 21.4 11863 266.7
FY 6L 2 2337 56 1.5 3751 B30 10136 7281
3 I8 5.9 6.1 20.1 1550 31.6 10084 2267
& 68,0 226,17 56 153 ET 905 1202.3 703
T 6438 2126 59 194 9385 7110 14229 3159
R 720 762 53 175 35914 FE) 1209.4 2719




TABLE B-3. TOYOTA CAMRY 1E. BRAKE STOP RESULTS FROM 100 KM/HR (62 MPH)

Measurement
Stopping Distance Deceleration Rate Pedal effort al (k.1 sec | Pedal effort ar 0.2 =ec
Stop No. m | K miser” | fusec” N [ b N 7T b

Dy surface without payload
] 416 156.2 B1 26.5 1052.9 2417 1270 3 2856
2 497 163.0 7.7 234 6603 148 35 1302 8 707§
3 493 161.7 75 256 10052 1260 10640 2397
3 482 153 2 20 26.1 [T ) 7017 038G 2333
5 105 162.4 78 255 8405 1903 12873 3894
2 158 1401 79 258 5969 1342 10035 7156
7 FER 1591 75 26.0 5056 1339 646 171.5
E i%.5 i55.1 7.9 16.0 5342 124 G 640 1 143.2
3 182 1583 BO 6.1 708 1 1592 8051 SEING
) 183 | L3R5 50 26.1 55210 124.1 6552 1473

Dy surbace with payload

1 49.7 163.2 77 7513 396 4 1116 6G32.1 1421
2 509 166.9 Th 48 754 0 {725 205.1 1810
3 483 158.6 3.0 26.1 670.8 1508 11956 2633
4 i89 1605 79 753 3140 153 0 10213 216
E 49,0 1607 78 257 | TUB.1 1592 11369 255.6
& FITES 1635 77 353 g21.1 1896 10353 21328
7 48 6 1596 75 259 9125 2074 13887 | 3122
2 49,7 1629 77 254 G115 1513 772 8 28,7
9 5.4 13%.9 7.9 6.0 G830 2214 11903 767.6
10 45 % 160k 6 7.9 23R TR 1749 1272 2849

' Wet surface without payload
1 51.0 1673 75 24.7 3774 1798 7209 1623
2 37.9 173.5 73 FEN 763.7 1717 9§45 2 3773
3 317 1697 T4 24.4 BA0 & 135.1 49 5 1910
] 53.0 174.0 73 23 8 4613 037 5129 115.3
5 5314 1753 72 3.6 FETF ] 145.0 9539 2167
6 327 172.8 73 739 7553 165.8 3122 1R16
7 334 1817 6.9 178 866 9 1949 12036 2706
3 511 1774 71 233 T8376 1883 11076 2490
3 359 1334 6.9 133 2350 199 4 14283 L
10 554 181.6 6.0 218 G010 2128 14727 3311

Wl surface with pryload
1 53.0 1740 73 238 T32.0 758 10871 244.4
z 513 168 3 73 716 4014 073 697 1567

3 534 175.2 T2 FEY BRI T 154 6 3687 1953
1 53.2 174.6 73 237 SE5 8 1317 86,0 1767
5 332 1744 72 237 239 933 9234 074
6 538 176.6 71 T34 7931 1753 A60.7 193 5
7 a6 175.8 73 235 628.9 1418 6383 1433
3 53.3 1749 73 236 6957 156.4 &477 1546
g 533 1719 72 336 B2 85.7 717.9 1614
) S0 1743 7.2 337 305.6 68.7 576.5 1296




TABLE B4, CHEVROLET MALIRU LS, BRAKE STOP RESULTS FROM 100 KM/HR (62 MPH)

BAeasirement
Stopping Distance Dcoeleration Rate | Pedal effort at 0.1 sec | Pedal eflon at 0.2 sec
Stop Nao. m | misec” | fifsec” N [ b N | Db
Dry srface without pavload
1 427 1360 290 305 081 1592 240 8 2103 |
2 433 142.0 29 701 502.6 113.0 7646 17.9
3 479 140 5 RO 253 7372 1635 B34 5 1921
4 415 1428 83 2.0 TZL.0 162 1 8304 1867
5 324 159.0 51 297 RI1Z2 182.6 1003.5 2255
f 43 4 1424 BB 2940 708.1 15%.2 762 4 171.4
T 427 1401 3.0 203 5502 123.7 6042 136.0
3 436 1430 £3 289 742 4 166 .9 1035.3 2326 |
g 433 1420 ] 291 R153 153.3 1079.1 747 .6
10 423 1403 50 295 495 168.5 1044 8 2340
Dy surface with payload

T 471 154 3 832 26.8 3048 1t3.5 660 3 148.5
¥ 475 155.7 8.1 26.5 6463 14353 G0 135.3
3 477 156.6 R0 26.4 6734 1511 fis.4 1356
4 78 1568 20 26.4 654 3 471 6371 1421
3 37.2 134 7 8.1 26.7 3743 1289 645.4 1451
& 462 151.5 33 273 3298 1191 fad.3 1426
7 1538 1502 %4 175 6178 1389 R11.6 1883
8 fa.6 1528 83 PR 5631 126.6 693.9 156.0
N 37.5 156.0 1 26.5 756.6 170§ K 155.1
10 45.1 151 4 83 77.3 1670 1051 5367 131.9

Wel surface without payload
1 451 1475 3 230 8202 184 4 8322 87 1
2 460 1509 24 274 $3%.] 98 5 {946 1112
3 46.2 151.5 83 773 014 380 470.2 1057
4 419 147 4 3.6 28.1 8160 138.5 gi15 1869
5 169 1535 5.2 26.9 G481 1457 7050 1585
6 4.6 146.3 R6 8.2 638.3 1433 Ti5.7 1724
7 154 148 8 2.5 278 585 8 131.7 5622 126.4
3 46,0 151.0 &4 774 539.1 121.2 3362 1228
[ 433 14494 34 277 5238 118.2 71340 L1603
10 474 155.5 21 26.49 6441 1433 704 1 1583

Wl surface with payload

1 36.8 153.4 81 269 255 8 575 3376 75.0
7 16.% 152.4 83 271 457 4 1107 4430 996
3 6.8 1537 %2 76.7 5169 120.7 BIZI 137.6
3 189 160,35 7.9 23 &% 30 6 1330 3501 01,2
3 50.0 164.2 77 252 4359 950 54019 1216
6 A% 4 1382 7.0 26.0 404 3 910 5320 119.6
7 317 1693 7.4 24.4 S90,; 132.5 5342 12001
] 553 1313 6.9 178 717 173.5 8447 1499
9 538 176.4 71 334 3127 703 663.6 1492
10 48,3 1584 80 26.1 58435 1314 6643 1494
11 537 176.2 T 13 1168 937 £67.6 1301




TABLE B-5. CADMLLAC DEVILLE, BRAKE STOI RESULTS FROM 100 EMBR (62 MPH)

Measure ment
Stopping Distance Deceleration Rate Padal effor sl 0.1 sec | Pedal effort at (0.2 sec
Stop No. m | R misec” | fufsect N [ 1 N [ b
Dy surlwe without payload
| 48] 1571.% 30 6.2 6370 1432 2505 151.2
] 9.0 1609 78 257 1199 94 4 373 8 728
3 156 1196 g4 176 0.0 116.9 634 8 156.2
1 171 154.4 82 6.8 479 3 107 8 667.6 1501
5 473 156.0 5.1 26.5 303 4 G382 4500 Wiz |
6 480 157.3 30 262 5511 1739 645 4 146 0
7 470 154.1 B2 26.8 SE0 5 130.5 688 6 154.8
& 47.9 157.2 8.0 6.1 6249 1405 T36.1 165.5
9 454 1588 75 26.1 740 1 166.4 1084 .0 243 7
10 178 1568 30 26.4 3469 555 7741 311
11 176 15G.3 2.0 W04 1 3183 T4 154 1 071
12 479 157.1 RO | 23 | 4007 903 496 4 1116
iy surlace with payload )
1 31.8 1693 74 24.3 &60.5 1483 U710 718 .3
2 512 1713 73 4.1 337 g3 124 8 95 5
3 0.8 166.8 0 248 7219 16273 %153 1853 |
x| 520 1705 74 245 5987 134.6 6397 1837
3 509 1665 76 243 222 1853 7.4 2040
3 502 164.7 77 251 62019 135.6 698 8 571
7 403 161.7 73 256 553 2 125.5 523.1 1176
3 50,8 1668 T 743 5827 31.0 6757 1519
5 49,7 163.1 77 253 378 TR.2 5631 126.6
10 48.9 T60.3 79 258 &01 .8 1333 6352 1128
I 123 1602 79 738 3367 57 703 105.7
12 158 1601 7.3 258 4915 1103 5067 1342
Wet surface without payvload
I 303 1619 7.7 751 063 63.9 4937 111.0
12 199 1638 7.7 152 532 9 1193 7526 1692
3 507 1663 TE 249 639 9 155.1 6472 1455
F1 43,0 1607 TR 157 6107 1373 B35.2 199.0
5 50.2 1647 77 251 3478 8.2 3513 124 4
& St.4 165 4 76 23.0 3773 1073 6129 1378
7 491 161.2 T3 256 4258 T TI08% 155.8
3 503 164 9 73 5.1 750 % SE4 3683 8.8
g 457 1632 77 53 7645 1719 5805 1303
10 495 1625 7T | 254 580.5 1305 €97 5 156.9
Wet surface with payload
1 199 163 6 77 253 1217 93 3 6574 1478
2 499 163.6 77 75.3 OS54 158 5 TRT.T 177.1
3 198 1633 77 75.3 5146 115.7 E0E R 1571
4 49 3 1619 73 256 3874 &7.1 464 4 1053
L 493 1619 78 356 336.9 1207 510.9 117.1
6 509 167.0 76 248 551.1 1239 | 7495 1683
7 407 163.2 77 23.3 7584 170.5 G654 149 6
) 50.4 165 4 7a 258 69130 135.8 631.2 1464
9 50.0 164 .0 77 252 FET 103 1884 1098
10 50.4 165.4 76 750 6463 1453 T60.5 1724




TABLE B-5. DOTYGE CARAVAN, BRAKE STOP RESULTS FROM 1K EM/HR (62 MPH)

Tleasurciuenl
Stopping Distance Dcceleration Rate Pedal cHorLat 0.1 sec | Pedal cifon at 0.2 sec
SwpMe. | m [ ft mfsec’ | Isee” N | ® N | B
Dy sutface without payload
1 de® [ 153.7 22 76.9 R93.2 200 & 9336 2059
2 402 161.5 T8 256 3447 773 697.9 156.9
3 382 158.1 8.0 26.1 6441 1448 7433 167.1
3 390 1601 8 78 287 5613 1262 3789 107 6
3 479 1571 20 76.3 R 1596 222 4 134 %
6 A3 6 1304 T 259 7424 166.9 729.0 1639
T 486 159 4 7 159 6394 (40 TRT 7 1771
3 508 1668 76 24.8 120.5 771 4501 1012
5 482 1581 0 26.1 TIR4 | 1600 Z14.9 123.0
0 199 1635 77 352 4803 110.0 6543 153.9
T | 483 1502 79 2617 178 1 1075 | 7313 164 4
Diry suriace with payload ]
1 53,4 1752 72 0 5480 i3z 677.4 1523
z 50,3 1649 77 251 7455 167.6 538.5 2110
3 33.2 174,35 T2 37 67714 1523 TEIRA 197 4
7 325 172.3 73 4.0 7192 161.7 7837 176.2
5 513 165.0 15 245 70940 1504 6537 133.7
G 2.4 171.9 73 24,0 3091 1319 0403 2340
7 515 168,83 T3 245 5 9 158.7 8527 191.7
2 53.9 177.0 71 233 6401 1319 6218 [30.8
9 55.2 181.1 6.9 P 5401 14390 5400 121.4
I 538 176.7 71 23.4 6837 1537 733.2 162 6
Wet syrface withowt payload
1 303 164 9 77 251 3198 TL9 6232 130 1
2 397 1629 77 154 3612 317 4017 903
3 515 iG8.R 75 245 1169 78.0 4168 937
3 196 167 8 77 254 5351 1283 580 § 1326
5 e 163.0 77 5.4 4693 3.3 5231 1176
I 515 1651 75 23.5 1354 351 4461 1003
7 530 174.0 BEE 238 124.% 28.0 I8R5 ad, |
] 0.2 164.6 77 35.1 1504 110.3 560 176.7
7 30.0 164.1 77 23.2 5400 121.4 589 & 1326
10 109 163.8 7.7 252 356 6 109 4 708 | 177R
11 573 1716 73 741 4653 104 6 510.6 11438
Wet surface with payload
T 567 1859 6.8 222 LI 168 9 CTEN 2055
] 575 1585 A7 219 6401 1439 7733 173.2
3 3% A 1922 86 715 705 7 [78.9 7655 172.1
4 593 194 £ 6.5 212 G734 1514 316.0 116.0
3 0.1 1972 6.4 210 3550 023 3573 1253
& 38 192 1 6.6 T 5765 129.6 5613 126.2
7 36.8 186.2 6.3 727 7726 173.7 929.6 209.0
g 568 1263 6.2 222 3069 | L1342 760 1710
g 573 1%7.9 a7 220 5542 124.6 7433 GEA
10 396 195 4 €5 21.2 3127 0.3 4715 106 0




TABLE B-7. DODGE RAM 1500 SLT 434, BRAKE STOP RESULTI FROM Loty KM/HR {62 MPH)

hieasurement
Stopping, Distance Dreceleration Rate Pedal cffort at 0.1 sec | Pedal effort at 0.2 scc
Stop Ne. m | & misec” | fifsec” N I 1b N [ b

Dy samface withowt payload
1 04 | 198.2 G4 309 837 1.6 1205 71
2 56.6 1858 68 232 7.1 216 1317 296
3 60.2 1975 6.4 709 1072 24.1 1382 312
3 Gl3 201.1 6.3 206 9319 1.1 103.2 13 2
5 0.3 2109 G0 196 83.6 143 7% 3 720
[ 6.4 2148 3.0 103 TRT 17.7 1143 757
7 59.4 193 9 6.5 212 310 182 1001 225
3 38.1 1907 &6 217 1050 136 1192 76 8

Dry surface with payload

1 61.5 2019 6.2 0.5 1597 5y 1708 154
3 52.9 206 4 6.1 200 912 0.5 20 18.2
B 56.3 186.3 b8 23 921 207 1214 7.3
4 551 1505 740 129 1214 27.3 1619 6.4
3 57.2 1375 &1 22.0) 992 2713 124.3 280
B 516 1792 7.0 231 (001 22.5 161.0 3G.2
7 38.0 L] 6.6 37 2.7 13.1 oR.3 221
8 377 1844 6.6 L% 230 19.1 120.5 27.1
9 532 | 1747 712 237 T08.1 743 147 7 332

Wet surface willwul payload
1 660 2166 53 19.1 341 185 1 1303 293
2 7.6 734.9 54 76 587 132 £9.0 200
3 €59 2161 58 12.1 64.9 46 96,1 216
4 633 2078 B.1 19.4 1205 271 146 & T33.0
5 636 2087 6.0 198 557 214 125 4 782
13 618 059 6.1 201 738 16.6 43,9 21.1
7 60.3 1577 64 209 £3 1 19.8 134 255
8 £2.5 2051 6.2 20.2 350 19 121 4 771.3
7 6L7 3025 62 204 0T 159 R9.0 2040
10 612 Z00.8 6.3 0.6 0% 3 221 124.5 280

Wet surface with payload

L 6538 30402 &0 198 59.6 134 101.0 135
2 389 193 .4 6.5 214 200 200 1508 33.9
3 611 2006 63 206 841 198 1121 257
1 617 202 4 6.2 20.4 140.6 LG 1774 398
5 53.0 206.6 6.1 20.0 1001 223 1063 239
6 62.3 2045 6.2 70,2 858 193 0% 3 221
7 6lf 202.0 6.2 20.5 96.1 216 1063 239
R 3.3 207 7 61 199 281 10.8 1050 216
9 672 2205 57 187 T2 75.0 1294 79,1




TABLE B-$. CHEVRCLET EXPRESS (1-TON:, BRAKE STOF RESULTS FROM 100 KMMHR {62 MPH)

bepsremeni
Stoppitig Distance Tecclemon Rate | Pedal cffort al 0.1 sec | Pedal offort at 0.2 sec
Stop No. m | f misec” | ffaee® | N ] b N | b
Dry surface withowt payload
1 490 1608 TR 25,7 3026 1130 633.0 1423
2 313 16%.3 T3 246 290.5 65.3 3787 1301
3 303 164 9 77 5.1 3389 | 16.2 3440 1223
4 503 165 8 76 719 3225 725 4339 580
3 0.2 1646 77 231 3074 5.1 1177 535
3 50.9 167.0 76 24.8 3572 %03 3643 R1.9
7 528 1732 13 FRE) 163.7 6.8 146.1 1003
] 50.6 166.1 TE 245 4005 1123 754.9 178.7
] 512 16%.] 13 24 F 4330} 1023 5342 1201
10 504 163.3 76 25.0 5038 133.5 609 % 137.1
Dry surface with payload
1 55.7 1828 6.9 226 140G 337 4764 107 1
2 574 185.4 6.7 219 76.1 173 4015 1103
3 552 1RLO 6.9 728 2620 359 1175.2 264 2
1 536 176.0 Ta 715 7757 173.4 584 170.5
3 56,2 184.5 6.8 224 7917 | 1730 5141 M55
G 35.5 182.0 6.9 22.7 8282 1%6.2 9203 206 9
7 356 1823 6.9 37 568.5 127 8 G221 1412
2 558 183.1 6.0 175 5514 1330 667 .6 1492
9 53.9 176 .8 71 23. 5676 127.6 688 6 1548
10 509 166.9 76 248 616.0 13835 3573 125.3
'_ Wl surface without payload
1 35.1 1807 T 29 163 0 371 3630 BLG
2 36.9 1567 67 22.1 1232 T 2.7 §421 504
3 5.8 1766 71 134 3505 %75 653.4 1465
El 544 T78.5 71 232 ~ 774.8 174 2 a1 1439
5 341 iT1.6 T1 233 6323 146.7 $193 184.2
& 33.0 1758 72 235 5037 133.7 5693 128.0
7 55.0 1803 14 229 5218 117.3 5409 12146
g 55.0 150.5 7.0 229 620.9 139.6 To4. 1 1583
9 330 1760 T2 23.5 3129 115.3 3129 1153
10 534 1786 7.1 232 3789 1139 G258 1407
I 550 1805 70 228 T12.1 1601 6335 1467
Wet surlace with payload
1 3572 | 1811 69 778 BT 2 00,7 933 6 095
2 56.9 1867 .7 22.1 6303 1417 T6d 6 1719
3 575 1887 6.7 219 304 % 113.5 3298 119.1
3 564 184 0 6.3 22.4 4724 1062 710.8 159 %
5 545 1789 T 731 9172 06,2 B0 2001
& 50, 1 1241 69 225 B46 .5 1903 7615 171.2
7 iT8 1853 6.6 218 142 8 371 1875 109 6
2 336 1825 .9 27 3763 46 | 7152 1608
5 56.7 186.1 6.8 323 A58, 1030 3038 1335




TABLE B-9. CHEVROLET ASTRO, BRAKE STOT RESULTS FROM 100 KM/HE (62 MEH)

W oasure ment
Stopping Distance Decclomtion Bats Teodal effort at 0.1 sec | Pedal effort at 0.2 sec
Stop No. m | M mfsec’ | fusect N [ b N [ b

' Dryv surface withoul payload
1 3.0 1705 74 44 3075 68.0 3836 1312
2 316 172.5 T3 240 5845 131.4 36,3 1453
3 524 1707 73 242 2418 34.8 635.2 147.3
i 51.2 1679 75 246 200 43 45333 1019
3 5.5 169.0 75 74,3 4317 943 628 1 1412
I3 513 171 4 73 241 IB3 3 1093 6333 1426
7 521 1705 7.4 242 5.7 132.8 7573 ik
3 518 170.1 74 7343 6673 1503 | 5716 1285
0 51,5 169, 1 75 FIEN 5048 113.5 6249 1440.5

Dy surface with paylead
1 563 1833 68 723 4604 1633 2.6 1130
2 354 [ G4 TR 4702 1057 5409 171.6
3 5.7 1793 T 2310 EL i) 1075 T36.1 165.5 |
3 534 178 4 71 232 1946 1112 S613 1767
5 55 ¥R3.0 6.9 216 3662 104 8 3432 12149
5 5606 185.7 68 225 278.0 62,5 570 5.0
7 36,0 1814 6.9 223 3062 1273 174 2 106.6
8 6.1 184.0 &Y 225 2945 ab6.2 5169 1162
9 571§ 1874 a7 221 2580 | 580 1318 973
10 567 | 186.1 n.8 2232 3821 6.9 473.3 06 4
Wet surlace without payload
i 545 178.9 70 231 430 1 1012 4430 oo g
2 536 76.0 72 745 3065 914 4630 1041
3 354 1751 T2 236 5342 1230 642 3 14,4
4 340 1773 70 233 358.1 &5 4139 833
3 528 1731 73 3.9 3503 85.5 550,27 1237
3 513 175.4 72 FENT 550 2 123.7 380,35 1305
7 526 1725 7.3 23.0 316.7 L2 573.1 176
R 530 173.5 73 78 4853 1091 555.1 124.%
g 534 175 2 712 236 088 o919 3827 1310
10 524 172.0 73 4.0 159 8 %3.4 356.4 125.1
Wel surface with pavlinad

1 619 203.0 6.2 20.4 7062 £6.6 3309 T4 4
? 603 1778 6.4 70.9 266 0 399 3805 R6.9
3 384 91.6 66 1.6 2255 30,7 351 TR7
3 572 1877 6.7 720 N9 .5 71 4083 919
3 5G4 1340 638 22.4 5231 1176 50,2 128 2
G 6.4 84 9 68 123 6% 4 105 3 5591 125.7
7 36,3 1847 68 274 3857 &0 3177 1164
8 56.9 1866 6% 2232 366.2 1048 600 7 1353
9 56.0 1838 a9 725 3661 823 6603 148 5
10 56.6 1856 5.8 72.3 1283 964 6332 478




TABLE B-13 FONTIAC BONNEVILLE SE. BRAKH §10P RESULTS FROM 106 KM/HR (62 MPH)

hlegsnremenl
Stopping Distance Decelaration Rate Pedal effort al 0.1 sec | Pedal effort 81 {+.2 sec
Srop Mo, m [ R misec” [ Mfscc” N | b N | b
Dry surface without payload -
1 420 157 .4 .0 263 7553 1608 9212 071
z 477 156 4 20 26.4 6381 1457 RiG 1892
3 48.0 157 4 3.0 26,3 444 8 100.0 540 % 1235
F 473 1552 21 26.6 430.1 101.3 493 4 110.7 |
5 478 1367 8.0 26.4 386 1166 T15.2 160 8
6 TR 156 9 %0 26.4 5066 113.9 T332 162.6
7 471 1544 32 76,8 431.0 9% 9 7473 | 1680
3 38.6 1593 7.9 260 7433 167.1 R73.0 197.4
9 1.3 1592 78 26.0 7354 16680 | 9710 213.3
10 158 153 6 22 769 6120 t37.6 5916 133.0
Diry surface wirth payload
1 515 1723 73 240 7154 705 4304 1050
2 508 166.7 76 T4 R 2360 643 5320 1241
-3 0.2 164.7 T3 251 3176 714 5573 1253
1 451 161.0 78 257 3349 753 SR 6 1312
3 439 160.4 7.0 58 164 4 104 4 %72.7 (96 2
g 396 1627 T 754 2691 a5 3053 91,9
7 136 1555 79 759 7300 36.2 45910 1032
1 EF| 1545 78 26.0 274 6L6 18 % 56 4
] 02 164 5 77 251 2771 623 335.7 1255
10 402 161.4 73 3356 2122 477 4350 98
11 15 6 1393 7.9 260 64 50.5 1328 973
Wet surface withouol pay load
] 39 1627 77 754 705 0 1585 B2 0 B
2 1% 4 1587 20 261 5685 1278 9212 2071
3 49,7 162.¢ 77 253 4276 950 5146 115.7
4 491 1612 73 356 3045 357 5604 126.0
3 496 162.6 7.7 254 G098 157 1 7526 1692
3 196 162.7 77 254 T 3558 ) GR2 8 1535
T 497 163, 1 77 253 T 151.0 5978 1344
B 3 486 152.3 R 250 54232 1259 663 6 1452
9 484 1589 7.9 260 4217 54.8 o114 1432
10 19.1 161.1 78 25.7 3816 1083 5342 1201
Wet surfuce with payload

1 507 166.4 76 249 3843 26.4 4317 475
2 50.0 163.9 77 2332 5803 1303 6674 1505
3 5007 1665 76 248 6383 1480 6614 48,7
Y 510 167.2 T3 GEW] 294 5 66.2 556 .4 1251
3 507 1663 T8 748 7326 323 4390 357
2 T 1621 78 255 117 4 264 843 864
7 497 1631 77 754 7762 oo, 1 4083 1.9
g 50.1 1644 77 251 2206 156 113.6 703
g 51.7 160.6 T4 243 1186 941 666, 3 1498
I LK 1651 TE 250 195 4 £ 7393 1602




TABLE B-11. BASELINE BRAKE STOPF RESULTS FROM 100 KM/FIR (62 MPH),
PONTLAC GRAND AM SE ON DRY SURFACE WITHOUT PAYLOAD

fWleasurement
Stopming Distance Deceleration Rate Pedat effart at 0.1 sec | Pedal effortat 0.2 scc
Stop No. m | * misec: | fifsec’ N [ b N | b
7T Qctober 1998 (Ford Expedition)
1 46.0 151.0 g3 274 4461 100.3 13348 3001
2 45.1 147.% 23 28.0 6383 1435 1419 % 319.2
3 46.7 153.3 82 270 8358 192.4 1330.8 2092
4 45.0 147.7 2.3 280 917.2 2062 13474 325.4
3 455 150.1 84 37.5 12094 2719 1411.8 3174
6 453 198.7 g5 27.5 379.8 197.8 1364 2 3067
% October 1998 (Ford Expedition) NOTE: SURFACE WAS DAMP DURING TESTING
E 47.3 153.0 2.1 267 2357 330 YRREY 2131
pl 176 156.2 8.1 26.5 636.5 147.6 14100 170
3 473 1555 g1 26.5 555.1 124 8 11013 2476
4 487 1597 7.9 259 2793 62.% 11347 253.1
5 479 1571 8.0 26.3 173.0 385 920.3 20569
& 183 158.6 70 6.1 1214 273 6523 148.0
4 Qctober 199% {Ford Expedition)
| 430 140.2 S 293 647 2 1455 10437 235.1
3 438 1437 g3 283 5774 1293 3296 200.0
3 EXN| 144.6 BT 28 6 80610 151.2 11316 2344
4 436 1431 i3 28.9 681.5 [53.3 Tt40.8 258.5
N FER] 144.6 g7 25.6 613.8 i38.0 0577 | 2153
6 43.6 143.1 B8 23.5 0970 1369 106%.3 226.9
13 Oetober 1998 {Tuyola Camry)
1 4309 1440 3.8 287 8416 1892 1142.7 2369
2 44 4 143.8 36 8.4 971.0 2183 13635 307.0
3 433 148.6 25 2758 Gog | 244 1278.4 2874
4 44.0 144.3 8.7 287 2113 1874 1233.9 I81.9
3 44.1 144.8 57 786 a1 2 2026 1154.3 2663
& 4.1 143.6 27 86 T17.0 1612 G639 6.7 |
14 October 1948 (Tovota Camry)
i 459 1507 84 274 5898 1576 1074.2 9415
2 153 148.6 25 FT 8 690 5 1553 908.3 204.2
3 450 150.7 34 274 £63.8 194.2 [T 2171
4 443 146 .8 56 28.2 624.9 1405 O30 179.4
3 458 150.2 8.4 275 3032 68.4 6352 1473
T3 Qctober 1998 (Toyota Camry)
[ 425 139.5 a0 [ 298 6435.4 149.6 2042 180.8
2 425 1393 o0 20.7 3622 126.4 231.3 186.9
3 42.9 140.6 90 29.4 47%.5 1078 5025 133.2
19 Octobar 1998 (Chevrolet Malibu) NOTE: TIRES ROTATED BEFORE TESTING
1 470 1572 B0 26.3 3al.? 1.2 417.7 EER
2z 433 1584 8.0 26.1 318.3 714 3077 894
3 439 1474 3.6 28.1 4773 1073 569.3 1280
20 Qetober 195K (Chevrobel Maliba)
1 438 T43.7 ) 28.8 $35.2 142.3 616.5 152.1
2 443 135.0 27 283 348.7 754 301.7 112.3
3 453 148.3 £3 279 3247 73.0 453.3 1019




TABLE B-11. BASELINE BRAKE STOPE RESULTS FROM 100 KM/HR. (62 MPH),
PONTIAC GRAND AN SE OM DRY SURFACE WITHOUT PAYLOAL {continucd)

Measurenment |
Stopping Distance Dreceleration Rate Pedal effort at 0.1 sec | Pedal clfont at 0.2 sec
Stop No. mw | mises | fifsect N L N |
22 October 1998 (Cadillac Deville)
12.8 1403 a0 195 3171 1837 11771 2647
428 1403 9.0 353 1007 5 2265 1700.0 1822
430 1411 89 203 11053 248 5 16831 3784
23 October 1998 (Calillac DeVille)
42,7 130.0 9.0 205 | ukal 203.7 1229.0 2763
32.7 1432 5.0 293 6303 153.0 935 6 2126
42.9 1407 90 29.4 %989 2021 12014 | 270l
30 Ociober 1998 (Dodpe Caravany
EE] 1436 3.8 255 4304 108.0 e 133 0
133 142.0 89 201 3511 123 9 6819 153.3
337 | 1434 X 788 429.7 96.6 5298 1191
Z November 1998 (Dadpc Carayan)
337 1434 33 253 1866 109.4 HEXT 1603
334 1422 59 291 ETERE] 507 517.7 X!
134 1423 20 9.0 1 6 1139 5847 1337
' 3 November 1998 (Dodge Caravan)
1 438 143 6 KX 288 5240 1178 a¥T 0 | 1567
431 1423 N 250 4513 1105 Gad. 1 1903
3 139 [ErW 87 ;T 3723 B3.7 FETER A 982
& Movember 14958 (rodge Ham 1300)
1 151 148.0 85 279 1294 791 3025 680
2 45.0 1475 &5 280 39.0 00 1922 1312
3 44 ] 1447 17 286 1597 330 3865 86,9
§ a1 4 1453 27 224 3460 TR0 198 6 112.1 |
12 November 1998 {Cheveolet Express)
1 412 145.1 87 JER 202 2 G5.7 3026 1130
2 138 1436 TR 7% 8 3692 £3.0 7326 1692
K] 453 149.% 24 7.7 173.0 380 GEY D 1351
3 147 146.7 86 28.2 3065 GE.D 311 126 6
15 MNovember 19598 {Cheyrolet Aslro)
1 352 148.3 %3 275 552.0 124 1 574 2 1291
z 437 1432 28 8.9 3906 1103 8656 191 6
3 43.0 1411 8.9 293 3057 137 1745 107 8
4 3373 142.0 550 291 3674 127.6 6556 154 &
20 Movember 1998 (Ponliac Bonneyille)
1 429 1408 R0 25.4 791.7 178.0 10781 2426
2 FEN 1329 28 28.9 5573 125.3 5360 205
33.5 1425 8.8 29.0 5685 1278 6837 153.7




APPENDIX C. SAMPLE PEDAL EFFORT PLOTS

Figure C-1. Pootiac Grand Am, Dry surface without payload

Figure C-2. Ford Expedition, Dry surface with payload

Figure C-3. Toyota Camry, Wet surface with payload

Figure C-4. Chevrolet Malibu, Dry surface with payload

Figure €-5. Cadillac DeVille, Wer surface with payload

Figure C-6. Dodge Caravan, Dry surface without payload

Figurc C-7. Dodge Ram 1500 4x4, Wot surface without payload
Figure C-§. Chevrolet Express (1-ton), Wel surface without payload
Figure C-9. Chevralet Astro, Wet surface with payload

Figure C-19. Pontiac Bonneville, Wet surface without payload
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Figure C-1, Pedat Effort Results on Dry Surface without Payload, Pantiec Grand Am S&
Pedal Force versus Time
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Applied Pedal Effort
Ford Expedition XLT
Dats of Test: 7 October 1998

Dry Surface with Payload
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Figure G-2. Pedal Etfont Characteristics on Dry Surface with Payload, Ford Expedition
Pedal Effort versus Time



Applied Pedal Effort
Toyota Camry
Date of Test: 15 October 1998

Wet Surface with Payload
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Figure C-3. Pedal Effart Gharactenstics on Wet Surface with Payload, Toyota Camry
Pedal Effor versus Time
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Applied Pedal Effort
Chevrolet Malibu
Cate of Test: 18 Cotobar 1958

Dry Surface with Payload
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Figure C-4, Pedal Effort Characteristics on Dry Surlace with Fayload, Chevrolst Mahibu
Pedal Effort versus Time
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Applied Pedal Effort
Cadillac De Ville
Date of Test: 23 October 1998

Wet Surface with Payload

Time [sec)

Figurs C-5, Pedal EHort Characteristics on Wet Surface with Payload, Cadillac De Ville
Pedal Effart versus Time
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Pedal Force {Ib)

Applied Pedal Effort
Dodge Caravan
Date of Test: 2 Novemnber 1298

Dry Surface without Paylocad
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Figure C-6. Pedal Efort Characteristics on Dry Surface withowt Payload, Dodgs Caravan
Pedal Effort versus Time
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Applied Pedal Effort
Dodge Ram 1500
Date of Test: 6 November 1398

Wet Surface without Payload
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Figure C-7. Fedal Effort Characlenstics on Wet Surface without Payload, Dodge Ram 1500
Pedal Effort versus Time
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Date of Test: 12 November 1998
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Figure C-8. Pedal Eflort Characteristics on Wet Surface without Payload, Chevrolet Express -
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Applied Pedal Effart
Chevrolet Astro
Date of Test: 18 November 1998

Wet Surface with Payload
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Figure C-9. Pedal Effort Characteristios on Wet Surface with Payload, Chevralet Astro
Pdaal Effort versus Titne



Pedal Force {Ib)

Applied Pedai Effort
Pontiac Bonneville
Date of Test: 20 November 1998

Wet Surface without Payload
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Figure G-10. Pedal Effart Charactetistics on Wet Surface without Payload, Pontiac Bonneville
Fedal Effart versus Time



APPENDIX . BRAKE STOP STATISTICS
WITH PEDAIL EFFORT BREAKDOWN



GRANDAM STATISTIGS

AlLL STOPS
No Paylaad Faylcad ho Faylead Payload
Dy Oy Wet Wat
Stop # Distarica Claza Slop & Distanse Clags Shop # Distarice =17 Stop 2 Distance  Glass
1 146 85 A “ 1925 A 1 157 0 & 1 166 5 A
S 1473 £ 3 480 A 2 1908 L Z 1ims iy
5 1475 ) 3 1526 A El 184.0 [ K| 832 B
4 5134 b & 15513 A 4 195.2 A 4 T3 A
5 140.4 A e 1522 & 3 1TE D B 3 16T.0 I
i} 1493 ) 5 152 5 B £ 185 4 A E ‘BT.5S &
T 144.4 o T 1510 A T 1925 n 7 B ] h
a 145.5 o ] 1550 A =) 1885 A a 1801 B~
] 140 A ] 132.8 A g 1B 6 A | 16H.4 8
10 150.2 A o 1513 A 0 006 H 10 1773 &
11 1346.2 1
¥ oar 147 o 152.0 1901 1715
STUn-1 1.6 1.5 6.5 a5
F5% 148.4 15249 1935 175.5
AB
Mo Pryload Paylead Wi Payinas Payioad
Dry Dy Vet wet
Slop ¢ Distacs  Clas= Stop istance  Class Slop# Divtanca Clasa Stop i Distorvs Tz
H 1469 n 1 1535 a 1 197 ¢ n 1 R4 5 A
z 147 3 o 2 144811 A 2 190 % A 2 715 A
3 145 = A E| 15t B A E| 3 = A
4 148 4 A 4 1533 A 1 193 2 LY 4 1703 Y
a9 48 4 A LY 152 A 3 178 5 B 5 167 0 A
g 146 3 A ) TR E A & 1043 4 A B 1ET S B
7 148 4 A, T 15168 A T 1845 A 7 1802 A
d 145 6 A 5 1510 A A 1R n | 130 % A
% 145 5 L3 ] & B A | 16 L.} ) 1584 A
b (o) 1003 A 11} 1513 B 10 ME B 10 A7rd A
1 185 2 L1
x bar 1473 1520 120 6 113
5T0n-1 156 14 Q =
=% a6 152 & 194 0 o
A
Mo Payhoad Payload Ho Payhead Favioad
Ly Doy et Yot
Ttop i [stanee Class Sinp Distahce  Class Siop # Piztanss Cians Shop & DErbance  Chavs
1 1453 A 1 [EEE A 1 197 @ A | 164 5 A
2 147 3 A i 1440 L) 2 150 g L} 2z TS A
K| 147 5 A 5 1426 A 3 A 153 A
4 144 4 A 4 133 A 4 L A L] 13 A
] 146G 4 A L] 1582 A = a8 A 5 187 0 L
G 14 3 A -] 151 3 A ] R34 L] [+ 187 3 A
T 148 4 A T 1310 A 7 19845 A T MG % i
B t45 & A i 153 ¢ A a 1886 & 3 e 1 A
] 143.53 a 5 1% & A B 188 5 A E 150 & -1
1 TH 3 A 10 3 A 10 i I | A
“1 186 2 A
% bar 141 8 157 0 188 5 1715
ST r-1 16 16 il ac

5% 1488 152 9 1237 760



E(PEDITION STATIETE:S

ALL 3TOFS
o Paylaad Payimad No Fayicud Paylaad
Try Ory Wid WA
Hoph Oilance  Cler Fupd  OiAFce Cls Gbop ¥ [edaces  Claic HopN Diztoee Camn
1 1524 I 1 130 B | LEL g B 1 HaE &
? 1GR3 & ? AL ] 1 2 MR 1] ? 213 A
1 1.2 3 3 R ] 3 24 B a M5 i}
4 1548 a L] LR A i 1057 A 4+ FreX) B
L] 1481 A E 1743 2} 5 1982 3 5 FHGE] o
5 e A B 1718 o B 19243 A B il el R
f 175 L A I'4 17ed o T 1914 A T H2E B
B 188 & A ) 1.7 B ] 1914 B [ 2887 2
] 4734 n ] 1221 ~ g 1844 &
0 omnr A
3 bt 1714 6.8 “AAA Fall ]
SThrl : R 48 A8 104
5% 748 Tin - R SI6.6
ABC
Mo P i Paryplerted Mt Payinad Buyisad
oy By Vet et
Wogd  Didews Slay Ewp ¥ Ceatanea  Thos Siop# Disace  Cieaz HMop A Diewxcs Slaay
1 1E2 8 L+ 1 165 5 B 1 09y a 1 2105 -
¥ 189 L I 155 B 2 2 2111 L3
3 1647 LY 3 1 Al B 3
+ 1549 A 4 i3 A ] 1457 A 4 2ar 1]
3 -1 B E) 3 1981 B 5
5 wrE B & a 1574 - L} fory ) ]
B P54 B T r 19354 L3 T 21248 L)
] WA 5 L 1 66T E ] 1914 S L] e 4
3 17248 5 3 168 1 A ] ‘Hh i A
11 107 L]
10 1Ta4 1634 157 8 a4
IRt B 31 AT L1}
L= man A e 173
AL
o Feyiied Pyl Mo Payinad Paptond
by oy W Wn
dopd Chdance O Trepd  Datame oo Siug ¥  Orstwres Clela Bopd  Dkdired Ol
1 * L ) T L]: - B 1 M5 n
1 LR:| A ¥ =i b T z MHiE L]
] 152 L] 3 | 2184 -] 3
4 T S a 1 W A + 1557 ~ 4 =i H
3 1k A ] E] 1357 B 5
5 Wrd B ] 5 1S L & . 3 g
+ ms5k A T T 1314 L3 T neE A
1 A - a 186 T B | 314 L ] I 2 B
L] e L g g Ll | LEEN A
L] 1907 A
¢ bar Imz 1534 10 e
STO K1 a1 L1 T Mo
E L 31 L1 2 T
A
He Pdond Foyd o Pyt o Pyt
Cey - Ore . Wet . Wt
S0l Cooesce  Chet Eaxid  Oktanoe e Srpd  Coclance  Cle Fop$  Creleecy  Cin
1 1624 [ 1 . 1 . r B 1 HlS L)
® 164 A 2 150 A z 2 MG A
31 mae A 3 1 . : '
i [1IF:] L % 1851 A q 197 A 4
L] .1 L 5 7 . =
B wra - L] [ L] 129 L ]
T 1158 I3 ¥ 7 193 4 A T 21285 LY
] .TAAS L) " . H . A k
Fl i7za - ] BRER] - i) A0d.§ A
in 1007 L
iar - 1T . - bR : o 1451 . 212t
22 PR ] i . X 43 T : o7

95%: 160 . 1L . wrs - - 211



CAMRY STATISTICS

ALL STOFPS
N Payload Payload He Payoad Fayload
Dy ey Wl UVt
Stap d Distanee Clgasg Stop# Distance Class Sopd  Distance Glass Smp N Hilance Glass
1 155.2 A 1 1632 n 1 A6T.3 A 1 174,00 A
e 183.0 A i 166 2 5 2 1rd 3 A 2 153 30 B
2 161.7 i 3 1586 L £ 1697 A 3 F5.20 A
4 1582 A 4 1505 L 4 174 & A 1 174.80 A
b 1624 i 5] 1807 5 ) 173 A 5 74,40 =3
B 1601 A 5] 1355 L ] 17283 A =] 175.80 A
7 1981 A T 1586 n 7 1817 A T 173,80 A
1] 1581 A H 183.9 A 5 1.4 A 5 1,490 A
a 158.3 n =] 1588 B, =3 1834 A 4 174 20 B
10 158.5 & 10 1800 A 10 1A1 & A 0 174 30 C
3 bAr 15@ 7T 1515 - 174.3
STC n-1 21 ZE 513 22
HES 160 A 15y 7B E 1765
AB
Mo Pryaad Payload Ho Payload Payroad
Dry Dry Wt Pourt
Sp#® Distance GClass Stop ¥ Distance ey S 8 Otance  Class Elon 8 Oistance  Claes
1 156 7 A = 16832 I % 167 3 2 1 174 (K B
z plixNs} A 2z 1EG o A 2 TrEE A 7 158 A =l
A W7 A 3 106 B A, 3 T L 3 173 20 A
4 158.2 A 4 B0 % A 2 A A q 174 BG A
1] 162 4 A 5 =T A ] 1753 A ] 174 40 B
& 1601 & B 1E3 a B 125 A E 1580 A
7 1591 LY r 15396 A n 18t 7 A 7 TS0 A
] 1381 A a2 162 A A B 177 4 A o 17994 A
] e 4 A ] 158 8 A ] 1834 A 7] 174 50 =]
1L 1585 A, 1= 1500 A 10 R0 & T
i LRI 158 7 tR15 = 17413
S0 " 21 26 [ ] 24
== 16048 1629 1TE B 1787
A
Mo Payload Paylosd Ha Pxylosd Paylosd
oy Cry Wl Wt
GopE  Distance  Tlaas Ewp ¥ [isance Claxs Swp# ClEaraw Chos Swp# Distance Class
1 158.2 I 1 1 163 2 A 1 167 3 A 1 17400 L]
s 163 & A 2 168 % A 2 73 L 2
3 181.7 A 3 108.6 A 3 157 A E| WE 20 LS
4 153 2 A o 1605 A E] 174 Q 1 4 174 &0 A
<} 182 4 A =1 T A 5 1783 A 5
;] 1650 1 A 6 185 A 5 1728 A B 178 R0 A
T 1531 A 7 159.5 - T 18T ¥ L.} ¥ 17580 A
1] 153.1 A g msea ] a8 177 4 L 3 174460 A
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APPENDIX E. FINAL PERFORMANCE STATISTICS FOR EACH VEBICLE
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Nix Fayload Faybead Ho Payload Paylawd
Dry Dry et Wt
Stop N Distance Clams Ztop ¥ Distapse  Claas Stop ¥ Distance Class Stop ¥ Mstance Class
1 160 & L 1 1 1 g1 1 A
bty Ll L] [ Z A 2 85T A
a R ] B 3 ™10 [ 3 17E G 2 3 5= A
P 2 1760 A 3 17E S A 4 1849 A
5 5 1445 L] 5 LE h 5 1783 B
B E 1824 L] g Foa L] B 184 1 A
7 7 1824 A T 1803 L] T
S 1BE1 L B 1831 L] B 180 § A B 182 5 B
] 158 A =l 1G] A 9 1TED A =] 186 1
0 =g} & A0 1ES 5 L 1 7L & A
11 izl A
4 bar 1858 1781 1783 1841
370N arT 2t | 19 32
5% 16/ B 182 7 94 10 m
ASTRO FINAL STATIGTICS
No Exypload Paylomd Mo Payboad Payhoad
Dry Dry Wl Wit
Stop# Didlancs  Claza Sop# Divtamce  Class Slop# DNxhncoe CHAs Ttop ¥  Distancs  Class
1 105 [ 1 48 A 1
2 1735 L] 2 1816 L 2 16 B
3 EFLT M 3 1785 L] k] 1751 A 3 184 3 A
4 A 178.4 L] 4 =] 1Bd 8 A
5 183 2 5 183 A 5 1731 B
B 1714 B B 185 o G 154 A 7 164 7 B
] 1709 A ¥ 8.6 A 7 tvrS B a 106 & A
21 1701 A | 164 o 8 1734 .} k| 183 4 a
9 189 1 a 3 o 1757 B 4] 1856 =]
0 166.1 B 10 72 o]
x mar 1705 183 O 1741 TS 1
137008 12 2t 15 a8

o 1713 346 £75 1 165 &



GRAND AM BASELINE FINAL STATISTICS

T Dctober 1996 {Ford Expedition)
Stop# Distance Class

1 131.0 A
2 147.9 A
3 123.3 £
4 1477 A
5 150.1 A
6 148.7 A

Average 14098

STDEY 21

9 Octoker 1998 (Ford Expedition}
Stop# Distance Class

1
2 143.7 S
3 1448 A
4 143.1 A,
g 1446 A
B 1431 A

Average  143.8

STDEV 0.8

14 October 1998 (Toyota Camry)
Stop ¥ Distance Class

1 1807 Ay
2 1485 A
3 150.7 A
4 146.8 A
£ 160.2 c

Average 1494
aTOEW 1.7

19 October 1988 [Chevrolet Malibu}
Stop # Distance Class
1
2
3 147 .4 A

22 Ociober 1988 [(Cadillac DeVille)
Stop # Distance Class
1

2 140.3 oy
3 141 1 F.1
Average 1407
STDEY 0.8

8 Dotober 1988 {(Ford Expedition)
Etop# Distance Class

1 165.0 C
2 155.2 A,
3 1559 A
4 180.7 >
5
G

Avarage 1567

STDEY 21

13 Octaber 1998 [Toyota Camry}
Stop# Distance Class
144.0
145.8
1488
1443
144.8
144.6
Average 1454
STDEY 1.7

[ I - NS R U Y
N SR A

15 October 1888 [Toyota Garmry)
Stop # Distance Class

1 1355 A
2 139.3 A
2 1406 A
Average 1308
STOEY Q.7

20 Octaber 1838 [Chevrolet Malibu)
Stop # Distance Class

1 143.7 A
2 145.0 B
3 148.4 B
Avarzga 1457
STOEV 24

23 October 1988 (Cadlilac DeVilla)
Stop# Distance Clasa

1 1400 A
2 1402 A
3 140.7 A

Average 140.3
STOEV 0.4



GRAND AWM BASELINE FINAL STATISTICS (cont.)

30 Qctober 1898 {Dedge Caravan|
Stop # Distance Class

1 1436 A
2 1420 A
a 1434 B
Average 1430
STDEW 0s

3 November 19888 (Dodge Caravan)
Stop # Distance Class

1 1416 A
2 142.3 A
3 144.2 B
Average 1434
STDEY 1.0

12 November 1998 (Chevralet Express)
Stop# Distance Clazs

1 1431 C
2 1438 B
3
4 146 7 c
Average 1451
STOEY 1.6

20 Novemnber 14938 [Pontiac Bonneville)
Stop # Distance Class

1 14048 A
2 142.9 &
3 142.5 A

Average 1421
STOCEY 1.1

2 Movembar 1998 (Dodge Caravan)
Stop# Distance Class

1 143 4 A
2 1422 B
3 1423 A
Average 1426
STDEY 0.y

& Nayember 1998 {Dodge Ram)
Step #  Distance Class
1

2
|
4 145.5 L2}

1B Movember 1935 [Chevrolet Astro)
Step # Distance Class

1 148.3 A,
2 143.2 A,
3 1411 A
4 1420 A
Ayurage 143.7
STDEW 3z



BOMNEVLLE FINAL STATISTICS

N Fayioad Panrlad Ho Payload Payioad
Ory nry Ynl Yrat

Stop# Distanee Class Stop# DHauance Claxt Stop# Difance Class Stop & Distanewe  Clazs
1 157 .4 & 1 T2 B 1 1537 A 1 16&5 4 °
2 196 4 L 2 166.7 L% 2 18T fh =
2 1574 A 3 1847 B 3 1624 B 3
4 16853 A q 161 =1 q 951 3 B 4
5 157 A B 1604 A ] 1E2E a 5
B 1R 9 A & B 182 7 B [ 1824 B
T Thd. A B 7 159.5 o 7 1631 ] T YES )
H 1an A H a 158.5 A ]
a 158.2 A =] 1848 =z 9 1564 R -] ‘EAE A
10 133.8 A 10 i 18° 1 A i hLi | A

Rkl
* bmar 155.7 1547 161.3 185.3
=10 w1 1.9 4.4 ir 30

e T 187 2 w23 1678



APPENDIX F. BRAKFE AND TIRE TEMPERATURE DATA SHEETS
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107998 12:00 348 | 2,083 23 3.973 18.78 84 1g1asa| o
19r0/88 12:16 | 348 2.21 21 3.820 18.75 94 013702 O
10/8/98 12:30 355 2218 24 4.E08 16.7 8% 1613.833 o
10/9/98 12:45 342 2.3489 20 4.884 | 16.78 9E 1013.514 D
1H9/9E 1200 346 . 2216 - 25 441 - 1876 , a5 1013.332 9 ]
1042408 13:16 244 | 2848 2 22 5.2%3 ! 18.57 8k 1013.317 g
10rREB | 13:30 . 342 PR 24 4.253 18.51 g6 | 1013.353 o
10/2r2E 13:4K 330 1817 | 77 | 5606 10.4% 3k 1013212, @
10/358 14:00 248 2308 . 24 . 482 1841 ‘BB 1G13.033 g
NI SR 351 1.7581 (22 4743 18 44 s {101z397 0
16/8/98 14:30 340 1638 26 | 3116+ 1542 e | 1012.933 o
1G/9798 14:45 338 1.521 28 2.92 16.43 T 101 2,504 T
10/9/88 15.00 aos | 1718 i 2.873 6.4 58 107287 | D03 |
[onies 1200 217 3878 6 gasa 1293 B 1017 328 o_
onxes | 1216 208 2.262 i 19 5.312 20,32 g4 1017.086 o
1013/88 | 12:30 . 215 % 61 8 5.841 20.29 53 1016.854 Q
10/ 13498 12:45 217 4.04 15 T Ga2l 20.01 84 1018.526 0
107 13/98 13,00 234 3.538 11| 6.07% 19.5 6  [1016283 . ©
10/13/98 18:15 243 3.231 11 | £.3721 7 1836 | a8 101E.GE | 0
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L2298 L2 114 T IVETENNLL AU MELTEUKUHLAGY AR LU

Th: Greag Shuliz ATE MET DivISION
Mata Sitw: Phidips Axfield st Data
Datas: 30 Sept - 20 Nay 1998
' DST A Avg & Pank Avg Ava | Ave Tol
Dars | Thmat+ 1hi w;}u' L Widspd sn:}in | Wepd ATamp Ribun . _ Prass Frecp
1G713/98 13:30 218 2.819 18 | 4860 | 19.40 i 1016.8e | O |
| 1 5/08 | _ 1245 128 7,938 16 | 4488 19.57 [ 1019835 a
10/13/08 t4+00 213 1.038 Zv ¢ 4zE2 . 1338 66 1015.39 e
10413/98 1216 20 3499 13 4955 18,71 a6 1015.104 U
10/13/98 14:30 207 2.3 14 E 564 19.98 B4 14861 _ O
1Gria/a8 | 1448 | 187 3.587 18 g9 20,3 63 104,502 o
Toria/ea | 1ED8__| 182 4.47 1z 8115 20.27 53 1014 581 g
["1or3a/98 1E:¥8 208 3.871 16 8.037 20.45 63 1014.41 )
101388 15:30 218 3.773 10 5.037 20.13 6z _ | 10142id; _ 0
7g/13/08 | 1645 216 3.102 P 4332, 19.74 - B3 1a14.28 a
10113/98 ql 1800|216 3.183 11 4.39 18949 | 54 1014195 0
10/ 1498 - 11:00 276 4775 |__ 18 8.1 § 17.48 48 1012.921 =
Conage | 1115 | 300 3.68 za | _s.8ss 17.81 28 [ 1o1z.923 0
10414/98 11:30__. 278 3.931 28 703 @ 1734 A5 1012883 0 |
10,14/98 11:48 27 5 317 17 7.644 17.88 . 4B 1012.54 o
10/14/88 12:00 263 4981 | _19 7.742 17.77_| 4% 1012 81 o _ |
10714758 12:15 _Z68 4.808 18 7.11E 17.81 45 1012.776 ]
10/14/%8 12:30 283 4067 15 7.458 | 18.13 34 1012732 . O
njT4/88 . 1245 287 3,863 23 7134 | 1&13 a4 W12.611 g
10414498 13:00 270 4.142 18 784 1821 = 1012.45 o
10/14/88 | 1315 273 4562 28 _7.%07 18.18 25 101Z,36 B
10714424 13:30 | 268 4858 1 7.86 18.43 a4 112,306 U
10y 14198 13:45 2BE 3,871 31 7.323 | _1m.a2 a4 101223 o
10/14/98 14:00 294 3.187 21 G.7Ea | 788 as | 1012.308 o
10/14/98 | 1818 | 280 3605 + 1% | _E.B4 18.27 44 1012254 o
EAEE 14:30 Zps 4.059 23 804 1B.48 44 1012.306 o |
10714798 T4 a8 ao9 3,686 28 7017 | _18.37 45 Toiz.az? o
16/14/98 18:00 312 3.26 1 20 5621 18,28 4d 1012.643. ©_ |
16714798 15:15 393 | =815 22 E.685 15.2€ 43 612618' 0 |
TO/t48s | 15:30 298 2,437 22 816 |_ 18.1 43 1012.764 0
1014138 1545 . 281 avv2 18 7.683 10.12 44 1012.848 g
RI¢TAL TEL) 16:00 286 | 368 i 18 586 @ 17.83 44 1013.139 o
[ o/14fge | 1616 FEIIN 3318 | 19 5.8 17,67 44 | 1013.298 9
10/14/986 | 1630 288 a%ay i 18 7448 | 17.38 44 1015468 D
“10/12/98 1848 288 3261 16| 558 16.99 ad 1013.674 0
10/ 1498 17:00 - 290 2.82 17 B5.723 16.83 44 1013.578 0
T0/15/88 | CO:00 Je2 | 369 | 14 5268 13,32 54 1022168 0_
Jori59a ] O®:IE | 283 1 3.321 | 18 4764 ' 14.08 63 1022.096 [
10ME/BE | 09:30 288 aB0] ;11 §.AB4 | 1387 B3 022,167 0
10/15/98 | 0845 =34 3451 18 5.508 14.08 62 022,227 [
1071594 16:09 284 Z.948 21 E.13E 14.47 BT 1022.289 C
10/16/86 | 19:15 280 | 3.516 20 8087 1648 | 69 | 1D22.939. _ O
i0/18/83 | 4.0 390 | aoas | 27 " eaks i veyy &8  |10zz381; O
To/15/28 | 1D:45 300 2.9¢5 19 5. 96E 15.67 57| 1922.293 0
10/15/98 ;  11:00 393 7 856 23 4 528 1s8 | B7  iiogzaes| o
10/18/88 ]__11:18 335 ¢ 2373 27 .23 j8.28 . 85 10223231 O
10/ 1 5{98 11:30 301 2.9 30 5037 168 52 1022.263; 0
10/15/88 e aga | 3.027 31 . BOE | 17.2% 52 1022 182 g
1o/i6/ae | 12:00 | 32z | 2816 28 6.263 17.46 43 ' 1022,088 0
10/15/98 12:16 311 3.884_ 2y " 6.233 17.56 | 48 | 1021.2387 o
10/15/98 12:30 33g Z.554 3 | 7.8 17.56 48 1821.327 t
10715/28 12:45 282 3.7 25 ‘Bbz ; 1745 49 1021,682 3
16/ 16/BH 1300 ¢ 36 3253 57 £.599 17.39 A 1021.677 0
11688 ¢ 1318 . 288 . 2.283 39 4 483 i7.58 43 1021452 O
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LEr 224 DS 12w g = FAUF-FE-I-1- B § ALL METEUKUILNGY b UL

TD: Greg Shultz ATC MET GIVISION
Date Sita: Philpe Airfiald Mar Dara
Doten: 20 Sopt - 20 Nev 199€
E psEYT Avg | Ava Avg | Peak t Avg Avg Avg Tt
Date Tlmt’-i- 1wt Wbk :  WdSpd SDWdD Wopd | &Tamp RKiHum Press Precp
T0/15/58 13730 33 2.343 28 4647 1 17.32 48 1021.379 0
10/i6/88 . 1345 @ 359 207 23 4184 1 1729 an | 1021 a4y 9 |
10/16/80 1400 | 333, 2.089 2& 4116 | 17.36 43 1021.53 o
10/16/98 | 14:15 335 2.37 19 4.214 17.44 47 1021618 9
10MG6/08 | 14:30 337 1.584 [ 2 3724 178 47 1021,661 o
10/15/88 14:45 3060 1.746 © 21 2332 | BI7 | 47 1021887  ©
18/15/98 16:00 4R 1878 27 3.234 1827 | as T TioRLA 0 i
10/16i98 | 15:16 333 1.752 | 24 3.763 1889 ' 48 . 1021836: O
10/15/98 16:30 [ 318 187 0 34 2175 1875 . 45 1021804 o
1015/88 | 31545 310 1.923 g 2,608 18,26 46 1021.944; O
Ty16/M8 | 1800 288 1.244 EL _3.0ME 188 &6 10220030 O
i1/ | DA:OG 278 1.013 18 1.888 1% ax 88 | 1017.476] ©
10/1/88 - 08:16 256 1.084 2] 1.803 17 22 80 1017.786 o
10SER | OE:EQ 208 1,107 16 1.784 18.51 72 1017.506 a
10/15/58 pe:4% | 2DA | 2188 1a 3.1E6 | 18.88 70 101786 3
1/1B/5B © 0900 ;316 | 1,258 53 £.038 15.2 BE [ 1017.802 o
10/ 9/88 | DAE 322 Z.614 23 5831 | 20.72 84 1017.413 )
1orisres | 0830 334 3.818 18 6831 ; 21.24 62 | 1017.857 0
1o0Mg/e8 | ogAs 0 388 | 2917 | 22 5.884 - 2158 1 110181181 O
/998 | 1000 323 3,08t 23 B.2E3 | 2046 @ &1 ;1018083 O
10/18/86 | 10:16 328 3331 18 B.8B 2084 . g1 ioiggel BT
10/19/98 10:30 35 3266 | 21 7.213 21.97 B0 1018085 ©
1g/igpE | _ 10:46 325 3151 20 B.55& 21.53 O :1018.208. g
W0/18/88 | 11:00 302 226 [ 23 E.645 2132 [ 1018.273 0
wngse | 11:18 2%4 3.248 24 6.017 21.4% 52 1016.188 g
1G/18/88 | 11:80 34 2997 24 £.174 2108 . &9 1018.036 g
106/19/88 11.45 308 375 23 409 | 2077 . &7 1018.04% g
10/19/58 . 1200 301 . 5.828 22 [ aasm 20,82 EE | 1017846 O |
! :
[(1GrzoreE | 09:0Q_ 270 . 3.08) 12 4645 - 1568 B3 1019579 o
10720688 | OW:18 287 & 2484 . 22 4743 ;. 16.65 Bl i 1018585 ; O
Figrzgraa | @s:ap 311 131 | 328 CIEEL 17.28 Ex 1019.667. D
10/20/98 | ©09:46 | 308 a1 23 §.762 17.5 28] 1219612 @
10/30/98 10:00 307 2,672 28 4.782 1784 . 43 . 1019 54E U
10/209% ;. 10:16 | 303 | 4107 13 7.154 18.57 48 1019.325 Q
10/200BB . 10:30 206 2842 [ 21 _7.038 18,21 - 46  10t6.145 [
10/20/98 | 10:45 287 2528 20 1 7eze 18.4 46~ | 1019.077 )
10/20/38 ;  11:00 250 4.543 21 7.988 : 18.46 44 1019031 D
120/88 | 11:15 280 2,887 18 8.017 - 1678 44 |018.83a| D
10/20;88 | 11:30 313 | 3.B&T 23 7.389 12.1 ai 1018.65% | O
10/20/68 | 11:46 310 4.4 21 8.08 T8.15 48 101841 . O |
10720088 | 12:00 308 | _3.787 23 7288 15.23 34 1918, 8% o
10/20/98 | 12:15 296 3848 22 | 7.33 1963 - 33 1617.8318 . ©
Tor2v88 | 12:30 295 3.485 ; 33 | 7.0 19.83 33 1017.732; 0
18:20/98 12736 296 agel |21 8.13 19.84 | 38 1017.612 a
10{20/08 13:60 292 4.488 21 813 | 18.74 28 1017.234| 0
To/2QUEE | 1515 288 428 19 6.486 ' 19.98 22 1017.126 g
12080 13:30 226 4.338 23 2.37 20.13 27 [1ov7.0a7| O
[Go/goise | 1846 | 284 . 4788 17 8374 | 20.05 28 ioieg1al o
10/20/88 | 1800 286 A.345 23 8.37 203 76 - 1016.783F O
10j21/98 | D800 263 1,868 7 3.175 3.43 ¥4 08488 ©
t0/21/98 | 08:1% 27 3113 11 G.04% 10 i &8 101,719 o
10/21/99 | 08:30 276 3.812 i1 8.058 10.E g | 112.613 0
10/21/98 . 08:4% 279 3419 17 | 5568 . 10,88 g4 | 119708 g
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LIS E2E HE 1z1uh b+ W1 Y AT METEURLLIENGY 06

L) +A Greg Shultz ATC MET CIVISION
Data Site: Phifips awfield ¥et Drata
Dates: 30 Sept - 20 Nov 1998
N j =T dwng T Awyg vy Feak Avg__ Avg | Avg Tert
Dnta Timel+ Thri | WD Weltipd SPWdE Wipe ATsmp ! BlHum | Bress Precp
10/24/98 :  09:0d 276 2.982 12 482 | 1084 84 1019527 2
10f2 1588 04:16 274 3477 12 5704 | 1136 £4 | 1078.27% c
1orz149 FEEr) 275 3488 12 EEB . 1148 86 1 14118.263 0
| 1072182 | D4l 278 3,484 12 7.57 1174 83 [ 101823 o
| 10/21798 10:00 274 485 | T3 382 | 12.0% 62 1918218 ¢
RARD i0:1e 277 662 ' 12 ' Bo4 | 2% 50 1019.04 o
16/21/98 10:30 28 4.259 18 | 833 1Z.83 BE 10180021 0
1042188 ThaE | 283 5446 | & ¢ 3.8 t3.57 5 1018.3648 | ¥
10/21/88 11:00 375 5945 12 8,64 13.71 a2 101B.718° &
Toy21098 | 11.16_ ;286 5703 | 18 |~ 557 ia.18 50 0iR85 . @
| 10721/98 1150 " 288 ' 4328 | 1% | 7.883 134,76 &7 101g446] 0
1/21/98 11:46 276 | EEX 18 2.52 1498 ' 4n 11082 o |
10:21198 1200 ¢ 288 | <449 24 8.482 10897 | 48 [in7.sez: ]
10/21/96 1 1216 286 :  4.936 22 7.328 1528 | a4  Thor7.ias o
1ORIPE ;  12:30 303 4141 25 7700 . 1623 . 44 1017101 8
10721498 12:48 a0 5_208 L 635 [ 1627 ¢ a4 | 1016844 o
1721788 1300 270 | 5087 22 8.46 16.BM ' 43 ! 1016808 6 |
TN21/98 13:16 278 sdsd 18 27 1 1547 43 - 015348 [+
EEEBED 13:30 _Z97 2.613 28 797 | 168 42 1016152 =
1B 13346 273 5.411 15 B9 | 184 2 1016.053 e __|
1021 reE 14:0G 275 £.114 L 884 | 1@ &0 1915 253 o
;
16/22/98 15:00 3 3.788 25 Eo4 | 113 44 1025.427 ]
10422158 13:15 ) 4. 178 33 7. A58 1103 a4 10£3.343 i)
| 122488 13:30 346 405 22 827 f 10.85 a4 1023462 o |
| torz2rma | 1548 347 3.88% 18 784 | 1082 44 1023473 o
10/ 22FAE -0 A28 3.1 24 7.887 1075 4% 1023.578 O
10/122/28 1415 Mo [ 3687 24 8.1 10.89 ¢t [ 1oP3ciz ]
18¢22/28 14.30 383 5.578 23 837 | 1064 45 1023.614 o
10i22/98 | t4.48 338 4717 18 8,37 10.43 45 | 1023.649 B
102393 15:00 348 3.293 23 6134 1048 45 1073.548 o :
10f22/38 15:1% 340 3.079 20 E.25 10.38 4% 1023.717 o
10/22/38 15:30 344 a.307 23 £48 | 1023 46 1023.871 &
10/22/08 1645 258 4,245 23 1 8.7 g8z 46 1024 005 0
| 10122¢58 18:00 3z7 4421 | 22 813 - 1G53 ab 11024105 o
| 10423/ 0500 285 28 ) 3.37 B8 70 1029188 ]
1/23/98 08;15 248 1.715 18 ZBB2 ' 7.074 &8 1929.262 o
\023/98 | 08:30 258 2.524 14 [ 443, B.67 EE 1023.218 e
10/23/58 | 08:45 282 2.88 13 asel_ ! 841 85 1028 087 G
10123498 09100 275 2.947 1z F39 : 1035 84 | 1079.027 o
I0/23/08 | 0815 FEL 2572 23 4.861 11.18 82 1028.819 g |
PR oBag Ian 2,388 25 g2e2 | 1188 60 [ 1oz o
10i23/B8 0945 67 3,281 25 #.B6 . 1231 . &7 1028.568 o |
10/23/88 | 10:00 304 3.664 26 837 | 1288 , B3 , i028.482 a
VFETE 10:18 310 3.657 23 7.403 1289 | B2 i028.284 [
10/23/98 10:30 318 [ 2,773 36 6.115 | 1324 - §) 1028, 036 g
[T 1645 328 4.228 18 513 [ 1358 48 1027.78 a
10/23)98 11:00 - 323 3.827 24 7.06 13.84 &7 mres1| o
10:23/58 11116 376 . 2.472 2a 6.627 1418 a7 1027.838 ©
RITEETET 1:30 b 330 | 2.88F 27 8.21 14.44 46 1027.45 g
1072308 11:45 338  3.8s3 25 8.38 14.EE 25 1027 257 [
| 1023008 | 12:00 297 475 7 24 7428 1482 | 4F 1627.072 =
TN23P8 136 :  ®od 3101 | 37 .38 15.28 a4 1026.879 a
1oiee | txan | 297 3823 | 28 | EB.2E2 16.35 a4 1026.813 g
18/23/98 3 12.4E 275 agEl i 20 | 7805 15,47 T 1026.438 =
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12/22/9%  12:U6 TF410278381E ATC METEUROLOGY Bony
T Greg Shukiz ATC MET DIVISION
Bara Saa: Philipz Artield Mat DBara
Trates: 30 Sept - 20 Nev 1984
O5FY | Avg Avg Avg Fesk Avp Avg Bhvg Tor |
Date | Fimel+ 1kr)| WdDIr ° WdBpd  SOWID | WSpd | ATemp ~ RiHum Press Precp
i niniilinlien.
10723198 13,00 Z80 4.319 28 | 7.37 16.61 44 1526.295 M)
10y22/98 13:15 270 3.882 22 BBio 18.36 43 1026.129 t
10y23/58 13:30 288 4.324 14 | EB.8aB 16.62 a3 1025.819 [0
10/23/38 | 1345 273 3,181 18 8,292 18.15 az 1026.576 0
| to2Es | 1890 278 3.2989 18 5.253 18.55 41 1025 477 o
10;22/98 | 14:1B8 259 3.827 16 7.703 16.68 47 102%.38¢ o
10723738 14:30 284 2712 [ .22 | 5.8 16.71 40 1625. 302 o
1e/23/88 14:45 282 =.5£8 13 5.918 16,82 41 1056, 174 0
10/23/08 | 15:00 2N 2031 18 7.134 16.52 38 | Y0263 0
1Ci23/88 ;. 1616 267 | 3.725 19 54285 17.13 40 102802 | O
TOiZ3/98 1 15:30 268 4,36 19 7.095 18.87 4C 1028081 g
1of23/88 1 18:45 ZEE A4 14 6. 723 15. 74 40 1828111 0
16/23/98 16:00 252 4.013 12 E.313 15.59 39 1025083 9
102388 | 16:15 25¢ 3.684 10 5.036 16.4 31 1025.019 g
1072388 | 16:30 266 4.007 10 5502 18.09 a1 | 1024.954 o
10/23/98 |  16:4% 84 3.161 [ 4.88 15.68 41 | 1024 234 o
rwayee | 1700 283 z.628 7 3.626 14.83 43 1024812 O
10/23/98 | 1%k 381 2.218 7 3.087 13.76 44 1024261 )
10723798 ;. 17:30 247 2,059 ] 246 | 1g.72 | _ aB 1024.566 0
10/23/88 ©  17:45 743 1,845 4 Z &7 12,16 a7 1024.8185 0
T2FRR . 1800 244 2.063 5 2.548 11.68 43 1024, 771 ©
:  ESY Ay Avg Avg Pesk | Awvg Avg Avg ;  Tot
Date Thms WdD WS, SDWdDh ©  Wopd ATemp MHwm . Fress  : Precp
10/30/98 08GO 283 1.502 0 2,238 2.633 90 1015438 O |
10/30/858 | OB:15 265 1.962 11 2.088 7784 74 1015386, D
1o/30/98 | oOE:30  ,  ZEE ! 1.324 16 2.058 907 ;| 8% - 1015.27% D
10/30/96 | og4f ;.  zE2 ¢ 7.583 12 2.488 104 BB 1016.166 o
16/30/98 | 99:00 Z72 2.121 13 3.038 11.48 §3 | 1015.084 D
TOr3Ov68 | 03015 773 2518 18 3.801 12.13 59 1014.88 0
| 10r30/98 | 08:30 291 2.413 2a | 3827 12.8 Ea 014,638 | O
10308 | OB:4B {313 2.767 28 ' 4953 13.26 49 101424 0
1of3008E | 10:0€ 328 3666 | 24 5.42% 13.61 48 1814048 o
10/3088 | 1D:1S n7 4.511 20 7.232 1375 46 1013.774 o
16/a0/88 | 10:30 210 3,621 27 8.544 14.23 a5 1013.4086 [
10/20/88 10:45 A 2.623 24 5422 14.85 | 4% 1013.288 0
oa0ia [ 11:00 300 3.087 29 5.4439 18.18 46 | 1013.062 0
10730/28 11:15 318 2.7¢1 as 8.802 15.85 44 ID1Z.7AT @
10/3/98 | 11:30 303 3.108 23 5.018 1689 , 43 [ 1012.382. O
praoies [ 11:4E ai6 3,149 25 5488 1823 - 4% :1011.898 D
1073079871 12:00 218 3.8 27 1,742 1664 41 [1DT1.756 o
15/30/98 - 12:15 a17 4336 23 7.7 14.88 33 1911.29K o
10/30/93 12:30 34 3.716 22 6.297 17,01 1] 3% 1931.017 D
10730796 12:45 | 312 3.73 20 6.017 17458 37 1010.748 U
1072058 VAgo ¢ 308 [ 3.863 23 1 7507 17.36 35 1010.588 Q
10/30/98 13:36 288 E.046 20 1 825 17.3 an 1010.28 o
/3098 - 180, 294 &.03 24 5.4 17.6 36 1010.014 g
10730195 . 13:4% 283 4.892 1% g 17,04 34 1008.776 o
1O/30/9E | 18:00 . 288 3.964 - 18 7.409 17,53 34 1063.481; @
10430vS8 14:16 287 %.603 20 827 12.98 33 1009267 O
TOr30/8R [ 14:30 291 | S.B71 12 8.15 17.8 32 1009172 o |
TO/BOR8 | 14:48 278 §.456 10 7.818 17.93 az 1009.045 o
10/30/98 16100 284 4.23 16 | B.e1y 188 az 1008.98 o
10/30/88 16:16 287 3.782 15 62135 18.42 a1 1008.363 g
10r30/98 | 16:30 287 3.283 21 5.704 1m8s | 30 1008.771 i
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12-32/98  12:07 Tr1102755812 ATC. METEUKULUGY Yo
o Grag Shuttz ATC MET DAVISION
Dete Sité: Philips Axtiglg Met Data
Cates: 30 Sept « 29 Mow 1268
EST Avg . Aug Avg Paak Avg By Avg ¢ Tt
Daza Time | WoDr | Wdtpd | GOWHD | WEpd | AYemn | RiHum | Press | Precp |
/30088 | 1545 | 208 3609 if B.664 18.7 28 TOUBEVF .  ©
10/30r88 18:00 | 318 3472 28 7.085 1£.82 27 100EE09, O
10/A/8B | 16:16 ag¥ 2.941 17 3.088 18.36 28 1bee 8zl !  ©
10fA0/S8 1 15130 330 2.427 20 3,94 i8.17 28 | 1008645 ]
70/30/88 | 18:45 315 226 17 439 17.74 e 1008.8688 0
10/30/98 | 17:00 313 1.808 15 3.018 17.02 30 1008768 o |
10/30r38 __17:15 0 164 13 2.847 15.78 32 1008.796 &
10/30/98 __ 17:30 217 1,858 13 2888 | 14.85 33 . 10087sB| O
' 10a0yes | 17:4E 314 1.776 8 z.411 14.54 34 I IDDR.asT o
10/30/98 _ TE:00 312 .85 10 2.783 14,1 55 | 1608.887 o
1 H . ) ' -
11/2/98 D300 317 - 2436 =11 4.822 1§38 53 1¢i7.18 o
11/298 ne1s | 320 {1 2267 189+ 4978 114 52 1017.136 o
11/2/88 090 316 2,489 24 8017 1188 £ 1017.053 0
11/2/98_|  GB:4E 312 3.597 24 8.403 12.06 43| 017.015 o -
" 1172198 10:00 337 | _Z.ae4 27 6.076 12.27 44 1016.844 o
114208 10:15 s 2.7a3 33 5.606 1298 44 101877 ©
11i2/98 10:30 333 2 B3 30 E878 13.37 47 1016.558 a |
11/2/98 | 10:45 328 2 986 21 5.588 13.09 28 | 7076.385 o |
1142/98 11:06 35 | 3.0%4 18 4488 15.54 48 BG4 @
11i2/98 11:1B 33e 3,101 21 |__&.B27 13.41 46 1018.011]  ©
1142458 11:30 338 | 4732 24 5.B05 13.73 4k 1415725 o
11,2/28 11:46 331 | "2 &7 25 . 4822 | 144 45 1015.587 0
17288, 12:00 335 - 2774 20 | 53214 [ 145% 44 _ 71018188 o_ |
L | i . .
Ti/3/88 .  09:00 18 I z28anm 16 5,802 5,852 54 10716.513 a
14/3/98 §  081% 5 2.983 13 5527 8.271 53 teels7| 0O
11/3/98 0R: 30 5 3.317 18 E.782 B.732 52 1010.008 o
1173198 0%:45 21 2.824 20 £ 527 7.185 B TOEI4E. O |
113,898 10:00 17 A, 14§ 22 329 7.758 a4 IO G RR )
D 1076 36 2,02 22 7017 7,886 49 1014.58 o
T1/9798 ©  19.30 25 2.882 19 5.214 7.402 49 588y | 0
11/3/BB 10,45 41 3.821 15 4978 7.322 43 1016 802 3
1173784 11:00 21 3.202 T4 E.214 7119 a8 1015.832 o
[EIETCL] 11-15 76 2803 e 4.92 7077 ED 1035581 o
1i7areR 11:30 13 2.246 21 429 | 6.91A 50 1016.232; __ ©
11/5/98 11:45 a6 zBE | i4 a3n 8.783 50 1015051 0
11/3/58 __ 12:00 353 1,748 26 3622 7.328 5O 1014.589 0
11/3/08 12.18 16 1.907. 38__ | 348 537 a3 1014.863 a
11/3{98 12:30 29 1.426 41 3.018 £.4) %8 |[fo1aem !’ ¢
11/3/98 12:45 439 1,708 EE 3.881 8.14 a8 1074.62% 3
114958 1300 359 1.701 a3 3.4 B85 47 1014411 O
1aee [ 1518 24 1.236 47 Z.042 2.38 48 10140654 | 0
Tires C 13:30 21 1,882 32 . 3665 | £.33 47 1013 965 o _ |
11/3/98 13:45 EET 1.44 62 2.588 847 ;a7 10132986 g
117398 14:00 16 1,327 3 2 P42 8.81 a7 e S
11/3/98 14:15 92 0.868 37 2.98 9.05 47 101342 o
11298 14:30 282 1,048 60 2 846 5.32 47 1013 241 o
11/3/88 | 14:46 313 1144 43 2528 9.29 47 | 1013,105 o
1172738 15,00 338 1.42 o 3.058 5.83 i 1012.287 U
11/5/08 1616 287 0.8 28 1.6 98 4B 1013.003 g
114338 16:30 339 1.007 82 1.666 1024 48 012,837 0
11/3/B8 1545 340 0.487 30 | o.es 9.45 48 1012.875 o
1173454 18:00 i 1.0986 12 1809 §.72 &7 10%2.703 )
11/6/98 0a:c0 364 | @87 18 1.688 3.84 69 1015.802 g

Fage 7

Phidip= Fid: 30Sep 20Nav 98
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To: Greg Shultr ATC MET DIVISION
Data Stte: Phillips Adtedd Mat Daca
Catea: 30 Sept - 20 Now 1958
EST Avg | Ava ' Awvg Pesk | Avg Avg Avp Tat
Data Teme Wdbie WidSpd - 5EWdD | Wspd ATemp | Rum Press Prscp
1171895 11:45 1 272 . 31 &508 | 9.88 47 _ | 1028.77Z 0
1848 1200 . 348 Z.78 28 @ 5174 10.35 48 1028.827 o
13/18/95 - 1Z2:15 3 2815 13 4.938 15.67 45 10L5-338 o
11418/48 12:30 340 2627 +1 24.68 11 46 028134 B
11/18/88 12:45 a1y 2.502 34 B.41 110z | ok 11028.033) _ O
11/18/9% 13:00 3 [ 268 35 4648 | 11.81 46 1027.914 a
11/18/88 t3:16 | 324 | 3672 ; 20 5.272 11.22 &4 1027208 g
11/18/98 15:30 1 . 2948 0 4.B8 11.26 &4 1027 . 715 o
11/18i98 1246 - 10 2.B38 20 4.82 £1.29 44 1647 52 o
13/18/8d - 1400 343 2217 27 4.351 11.69 43 1027.237| ©
11/18/38 @ 14:-16 Ad5 1.699 50 40118 11.84 42 10E7. 173 o
11/18/98 14:3¢ 23 2.226 34 4488 | 123 az 1027.09 0
11/18/88 | _ 14:48 28 R ¥8__ | 4.238 12,15 21 1027.068 a
11416198 15:00 a0 1.778 20 2.706 12.% 41 1027.068 0
11114498 1515 23 - 2.2t 42 3.9 12.22 a1 1027.046 o
11418198 15:30 . 352 2,088 25 3.628 11.84 41 1027.168 g
t1f18/98 . 15:45 15 1.813 23 | 2.764 11.72 a1 1027251 | O
aeeR 1500 3] 2,011 13 ;3234 11.28 40~ | 1027284 o
11/20i98 0300 35 £.225 54 051 8.61 100 ] 1D12.852 o
11720098 | 06:16 z9 DAY 8 | 0.B23 e 7| ee | 1912.731 o
1172096 | 08:30 20 Da%s . 17 | wies § joar | s®s_ | 1012.70% u
11/20/88 | 99:45 30 . 0.8 T1 ' ©080% | 1187 L 1012.402 a
f1/20088 | QQU_ 7 2% 0.873 14 1313 12.47 a3 1012.2%3 o
11720088 0e:15 45 0.7o4 ) 1.352 12 .88 a8 | 1012204 3]
11/20/58 030 102 1.078 za 2. 156 1257 28 111,97 O
11420798 Q545 48 1.564 17 247 13.8 ] 1011852 Q
11720798 fiop0 | 180 18324 ' 17 2 852 1438 | 87 | 1011.694 G
11/2098 10016 . 177 . 24184 17 | 3828 1474 | 94 1011.513 g
11/20/98 WnE0 | 207 3.801 11 §.263 1641 g7 1911,28 0
"11/20/38 10:45 198 4.096 13 BO17 1818 23 1011 362 ©
11/20/88 1 17:00 213 4.337 17 8.116 1661 7B 1G11.123 0
1112008 11:16 206 4471 12 & .85 16562 | 78 191072 { @
11120198 11.30 19 | 3981 - 1@ | 838 | 1883 ' 78 1910.228 o
11/20/98 11.45 187 E48 |18 5.4 17,08 76 1005.712 0
11/20498 12-00 207 - 5828 12 52Y2 , 1858 77 1002 533 o
11720738 12:1% 186 415 ) & 845 16.58 78 1009118 0
11/20/38 12:30 ) 4392 13 5_H0R 1642 | 7B 1008865 o
11/20/98 12:45 214 3583 13 5 253 16.14 77, 1008.98 0
1172098 13:00 a0z 4.018 10 5.312 16.23 77 1008641 o
11/20/8% 1316 214 | 33 @ 4361 | 18.16 77 1008472 o
11420098 7330 | 216 | 3.0B3 11 4,822 . 16.27 74 1008.22 o
11/20/88 12:45 21g 2.711 12 4118 18.37 75 1007.778 3
11/2{488 14:00 232 1.544 15 2138 1848 ° 75 L 1007.838° o
11720f58 14:16 244 1.821 14 3.058 1658 75 | 1007.348 o
11/20/98 14:30 285 2.494 12 3 528 1878 75 1007 552 a
1120098 14:45 268 2.63 12 3.626 16.67 76 1007.632 &
1320438 16:00 266 2.36 | ik 3.783 16,64 75 1007.543 0
1rape | 1816 | g73 | 208 11 3.077 15.66 T 1007. 708 o
11720:38 1530 1 287 1.508 10 Z.097 1B 77 1007. 532 Q
11/20/94 15:46 260 1.03% 1B 1,846 18,38 78 yoo7.2281 O
11/20098 18:00 az2 1.81 17 3.528 16.09 50 10D7.578 o
| Aeg Ay Myg ;  Fes g Ay Ay Tat
Dtz Time _mi Willed AL Wied Alemp MHum !r_ﬂ. Buaap
ATIDYY | HEI, T L Degrese, s Deglalns B ey et

Pagn 2 Frilips Fid; 30Sep 200Now 28
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Aberdeen Meteorological Network

DCP7

Eetitude: 39.45

Longimde: 76.17

Elevation: 16.8 M Phillips Air Field

Time(EST} Wind Wiad  Sd  Peak
4-1i.'r{EDT]mm Spexd  Devy Wind Temp

Alr  Mar Min Rl
Alr Hamd

Al

Solar
Rad

Soll

Tolal Fress Ban
T/Wet Prectp  (fos) Voitage

() (Mph) WO Speed F) Temp Toemp (%) ‘Who' Hab  (Inchy e,
"} (Mph} e R {"F}
ThRursday, November 12, 1998 )
0530 252 55 5 79 44K 454 M) 56 2718 .00 144
OE:45 262 45 10 6F 459 567 453 58 3153 0.0 14.4
0900 250 5K 19 QB 48 AR5 467 51 1581 .01 TR
09:15 2RO T 1% 118 290 482 4% 47 3869 .00 14.3
08:30  2B4 ES 15 1Xa  ag4 457 492 46 4318 000 143
a8 283 B7 13 120 497 300 495 46 634 G a0 14.2
100 204 77 I9 AT 504 309 439 4% 4923 a.00 143
1015 2B ES I 137 s0® 513 508 45 5210 .00 142
k36 194 73 Bkl s1e  s5z0 0 1A 45  S&4m 0.5) 143
10:45 306 7TE 19 142 519 211 sit 4 5627 0.0 143
11-g8 ia &g 119 27 fap 520 8% Mo 0.3 42
1:15 31g 83 25 145 2B f31 825 4z 5514 .60 1332
11:30 % 6.5 A 151 Ea4 5319 419 42 smLG G0 142
PR 304 54 28 153 540 54 537 di 3925 .60 142
12:00 2597 15 28 143 550 552 547 & sT2 .00 142
12:15 3% 72 3/ 112 550G 553 548 I 5TI4 .50 142
130 270 57 21 107 %55 563 55% A SB&D 0. 142
1245  3I0 1 22 126 %63 557 $4d H 5619 .60 142
1300 300 &7 0 86 SET 10 564 3 5482 G.00 142
1315 308 &1 32 134 £ FTE %44 ¥ 5365 360 142
13:3¢ 212 Tl i1 127 563 511 565 ™50 g 14,2
13:95 297 52 4 00 578 575 567 L 1] .00 4.2
400 286 74 0 113 SE9 5N 563 29 a3 o.00 142
-5 I 6.4 19 169 573 3516 569 3% 4097 0.0y 14.2
1430 25k 5.2 T wd 513 517 412 28 3 -0.00 14.2
1445 203 59 3§26 57§ SRG 51K 7 s 0.0 14.2
1500 27 53 2 I0F 57E 53 576 6 2915 0.00 142
1574 292 24 47 53 581 s96 583 Lt 0.00 142
1530 270 52 17 27 329 594 s5A3 5 2144 0.00 122
1545 M 55 9 104 578 583 573 25 ITS (L1 s] 14.2
LG0e  ZES 4.3 15 B3 575 5716 514 2% 1283 0.06 14.2
6515 M 1% 17 77 569 574 564 4 B3 060 142
_ 1530 273 a0 13 §31 562 57 554 pil 0.0 142
Average 6.3 114 542 546 S3E 38 4307 142
Maximom i 66 5571 3.5 53 L 1 F 14.4
Minizmam 2.4 51 44§ A4 4 4 B43 142
Totat o.00
Rcport created om: 04-Tan-99 Nienber ef recopds 33 Page No. i

L TETN



APPENDIX H. ASTM FRICTIONAL SKID RESISTANCE TEST DATA
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DATE OF TESTING ! 09/17/9% PAGE! 1M
TARGET SPEED : 40 MPH TEST WHEEL : LEFT

TEST SITE : RUNWAY 22 & 17 TEST SITE : RUNWAY 22 & 17

CPAVEMENT TYPE:  ASPHALT PAVEMENT TYPE: ASPHALT

TESTTYPE: ORY TEST TYPE ; WET

COMMENTS : ASTM E 1337 -850 | [COMMENTS : ASTME 1337-90
1 95,7 40,1 a2 1 84 .6 40.3 86
z 47 .0 40.4 q32 2 g4.7 39.06 86
3 85,8 9.6 20 3 B7.6 39.5 &4
£ 88,2 J9.3 BO 4 BY.2 39.7 B4
5 L A 385 =1 ¢] 5 B2 aG.0 B4
1 g4 .3 ag_e a0 3] B8 .0 38,2 B2
7 94,0 20.0 BD 7, a5,4 40_4 87
g 93,5 40.0 g2 g 86.9 39.4 87
] 94.4 A0 .14 a0 a 48.5 349.3 g2

i 10 94.5 39.9 €0 10 §7.8 40.0 82

TEST SITE: RUNWAY 22 TEST SITE: RUNWAY 22

PAVEMENT TYFE: ASPHALT IPAVEMENT TYRPE: ASPHALT

TESTTYPE DRY TESTTYPE: WET

COMMENTS : ASTME 1337-90 § ICOMMENTS : ASTM E 1337 - 80
1 9.7 39.1 B2 1 g£2.6 39,5 a7
2 548 39,1 B2 2 g5 .3 404 86
3 g9d .9 38,1 a2 3 g7.8 40.3 gc
x| g3, 7 3a.1 B2 k& 4 g2 40,4 86
5] 03.2 35.1 g2 L) §5.3 40 .4 84
3] GZ.4 3%.1 82 & gE_ 8 40.4 . B4
7 04.6 33.1 BZ ) B&.9 40.8 E4
B g93.4 38,1 87 B 87.3 40,1 24
g g4.4 39.1 g2 9 89.4 34,8 44
10 54.5 39.1 B2 10 846.9 19,8 34
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DATE OF TESTING : 10/01/98 PAGE: ' 172
TARGET SPEED : 40 MPH TEST WHEEL : LEFT
TEST SITE: RUNWAY 22817 | |TESTSITE: RUNWAY 22 & 17
PAVEMENT TYPE:  ASPHALT | [PAVEMENT TYPE: ASPHALT
TESTTYPE: DRY {TEST TYPE : WET
COMMENTS : ASTME 1337 -90 § |COMMENTS : ASTM E 1337 - 80
i 93.4 3.4 Ta 1 g6.4 39.7 75
2 4.3 40.3 TE l 2 8E.& as.7 75
3 94.3 40,77 JE 3 BE. % Ia.5 75
A Q4.6 39.9 T8 & 85.%9 39.86 75
5 93,7 359.2 TE g ES.6 41.0 15
& 93.5 3e.9 77 o B4 B 40_2 7o
7 2.2 39.9 3 7 BB 39.4 75
B 93.7 35.4 7 & 6.5 38.2 75
2 3.7 38.7 77 -] 85,5 39.7 75
0 9z2.3 40,3 77 10 5.9 £40.6 75
TEST SITE : RUNWAY 17 TEST SITE : RUNWAY 17
PAVEMENT TYPE: JENNITE PAVEMENT TYPE: ASPHALT
TESTTYPE: WET TESTTYPE: WET

COMMENTS : ASTME 1337 -20 COMMENTS : ASTM E 1337 - 90

1 59.4 40.6 73 1 75.2 40.€ 24
2 45 .7 ag.4 69 2 74.8 39,1 g4
3 45.6 40.1 73 3 74,9 40.0 aa
4 59.4 40 .1 73 4 74.9 40.5 75
5 46.5 40.2 73 5 75.6 39.6 75 I
6 59.4 40.5 73 g 75.5 40,7 75
7 44.0 32.9 73 7 15.5 40.5 75
i} 45.% 347 73 g 76.0 40.0 75
! 45 .5 39.3 73 g 15.6 39,7 73
10 a7.0 40,2 73 19 76.3 40.1 15
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DATE OF TESTING : 10/18/98 PAGE: 11
TARGET SPEED : 40 MPH TESTWHEEL : LEFT
TEST SITE : RUNWAY 22 & 17 | |TEST SITE: RUNWAY 22 & 17
AVEMENT TYPE:  ASPHALT IPAVEMENT TYPE: ASPHALT
TESTTYPE : DRY TESTTYFE: WET
COMMENTS : ASTME 1337 -90 | |COMMENTS : ASTM E 1337 - 90
1 84 .48 in.4 71 1 g6.7 40.46 71
2 83.6 40.1 71 2 0,0 39.% 71
3 845. 8 40. 6 T1 3 £8.1 32.6 71
4 Bz .2 40,7 T1 4 BY.7 a0 .2 71
5 94,3 43.7 71 5 99,1 40.7 71
€ Q2.2 32.9 71 & g7.0 g6 Ti
T 25.2 40.6 71 7 84,9 40.4 71
& 91.& 40. 46 T1 i 2 g87.4 32.2 a9
9 90.3 41.0 69 9 87.85 39._4 69
10 92,8 40,6 69 10 p4.1 46.0 69
TEST SITE : 'TEST SITE :
PAVEMENT TYPE : WPAVEMENT TYPE :
TEST TYPE : \TEST TYPE :
COMIMENTS : {COMMENTS :
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DATE OF TESTING : 09/22/98 PAGE:
TARGET SPEED - 40 MPH TEST WHEEL : LEFT
TEST SITE : RUNWAY 22 & 17 § |[TEST SITE: RUNWAY 22 & 17
PAVEMENT TYPE: ASPHALT PAVEMENT TYPE: ASPHALT
TESTTYPE : DRY TEST TYPE : WET
ICOMMENTS ; ASTM E 1337 -850 COMMENTS : ASTME 1337 - 90
1 96.1 40,1 77 1 g8.9 40.5 77
2 95,5 39.13 77 2 ag.9 40.5 T7
3 94.1 39.7 77 3 87.2 40.7 77
4 92.9 29,4 77 4 B9, 7 40.7 77
5 92.7 34,8 77 5 93.2 40.7 77
1 9z.7 39,2 17 6 88.5 39.8 77
7 91.7 40,1 77 7 §3.5 39,9 77
B gz.8 £0,49 77 f BE.6 4G.1 77
g 84,8 g1, 49 77 S 87.7 40,3 T
1G 24,1 41.1 11 10 BE.D 40.6 T7
TEST SITE : TEST SITE :
PAVEMENT TYFE : PAVEMENT TYPE :
TEST TYPE : TEST TYPE :
COMMENTS : RCOMMENTS :
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DATE OF TESTING : 11/09/98  PAGE: 1/1
TARGET SPEED : 40 MPH TEST WHEEL : LEFT
TEST SITE : RUNWAY 22 217 | |TEST SITE: RUNWAY 22 & 17
PAVEMENTTYPE:  ASPHALT PAVEMENT TYPE: ASPHALT H
TEST TYPE DRY TEST TYPE: WET
COMMENTS : ASTME 1337 -90 | [COMMENTS : ASTM E 1337 - 90
1 ga.7 39.7 a3 1l 87.8 40.3 /3
2 89.8 3g.3 53 2 87.5 £1.40 53
3 1.5 40.0 53 3 8n.3 .6 33
4 an.v a0, 53 4 g85.6 44,0 53
5 9%,k 39,7 53 L Be.3 40.9 53
L5 az.0 40,4 E3 [ E&.R 40,7 53
- 89.9 40.8 E3 ) 87.4 40.7 53
:! aQ.3 440,72 =3 8 87.2 41.0 53
g g§9.8 £40, 3 03 o) 6.5 39._8 53
in 89, 2 4.1 53 10 Ba.l 40.5 53
{TEST SITE: RUNWAY 17 (Larce Repils) | [TEST SITE : RUNWAY 17 (SMALL RADIUE)
\PAVEMENT TYPE:  JERNITE PAVEMENT TYPE:  JENNITE
ITEST TYPE : WET TEST TYPE: WET
| ASTME 1337-90 | |COMMENTS : ASTME 1337 - 80
1 32.2 35.5 55 1 41.7 40,59 53
2 31.1 38,2 55 2 37.7 40.3 53
3 32.3 a¢. 0 55 3 36.8 39.46 53
4 35.4 ar. 4 a5 4 38.9 39.6 53
5 35.8 40.5 55 5 40.3 40.4 53
& 31.7 40,1 55 6 3z2.8 40 .6 a3
7 36,7 24.8 kS T 37.1 40,8 53
8 31.1 3a.7 53 8 37.9 40,8 53
k| 305 39.5 &3 g 34_3 0.9 53
10 33,9 A0.4 53




WliS Uy, om Lo Y Pk

bk Lablild

gy W

DATE OF TESTING : 10/15/98 PAGE: 11
TARGET SPEED : 40 MPH TEST WHEEL - LEFT
TEST SITE : RUNWAY 22 8 17 | {TEST $I7E RUNWAY 22 & 17
IPAVEMENT TYPE: ASPHALT PAVEMENT TYPE: ASPHALT
TESTTYPE: DRY TESTTYPE : WET
COMMENTS : ASTME 1337 -90 | JCOMMENTS ASTM E 1337 -90

1 90.9 40.6 62 1 84.9 35,3 £6
2 47.7 40.40 62 2 64.4 38.1 66
3 B8.7 39.6 62 3 85.6 3%.3 €6
4 S0.4 38.5 62 1 B5.2 40.0 66
5 90.0 33.9 62 5 83.7 40,6 €6
6 81.4 40.9 62 6 83.5 41.2 66
7 88.4 40.6 62 7 84.5 40.2 66
8 87.9 40.3 62 g 85.0 39.8 66
9 89.3 35.6 62 3 84,7 39.6 66
10 87.9 39.6 62 10 85.1 39.3 64

TEST SITE : TEST SITE :

PAVEMENT TYPE . PAVEMENT TYPE :

TEST TYPE : TESTTYPE:

COMMENTS :




APPENDIX J. SAMPLE WIND FORCE CALCULATION



Wind Effect Analysis

Given Vehide velocity during breaking with no wind at 0. 1-second intervals
Mote: Refer to the following three spreadshects throughout the process below.

)

3

4)

Calculate stopping distance with no wind:
a) Find decelermtion (al} (al is negative since it is a degeleration):
Avl
al=——
Af
b} Find the stopping force (M) by Newton's Law (also negative):
F1 = Mass+al
¢} Calonlse the siopping distance using the ghven velocity:
dl, =dl_, +v],  *Af
Determine the drag forces cavsed by head and 1ail winds:
#)  First, calculate the drag force with no wind:
D, = DragForce(lb)}
Cr = DragCoefficient = 3
A, = Fromtaldrea( fi~2) =23
p = AirDensity(ib* s72 1 ft)y = 00234

V' = Velocity{ ft ! 5)
by  Add 14.7 fifs (10 mph) of wind Lo the velocity for 2 head wind and subiract it for a tail wand
¢ Calculate the drag forces with bead and tail winds using the new velocities (0, and D).
d) Since the drag force with no wind is already inclnded i the calculation of step 1. only the
differcnce in drag caused by wind is needed for the caleulations:
D.=D-D,

D, =0 -0
Caleulate the stopping distances as affacted by wind:
a)  Add the drag foroes by the wind from the stopping force without wind to ge1 the total stopping
forces in wind:

_Codap¥?

D,
2

Fy=f+D,
F.=F+1
b) Calculate the deceleration rates by dividing the mass of (he vehicle from these new stoppmg forces
I

3
m
¢ Calculate the new velocity profiles nging these deceleranoms:
V2, =V2 _,+a *Mi
V3, =V3_ ~a3,* A
d} Using these velocities, calculate the siopping distance in the same way as in step 1-¢.
¢} To find the differcaces in stopping distance due to wind, subtract the no wind stopping distance
from =ch af the teo dismnces:
Mz = dﬂz _d]
M3 = d; _d-|
These results can be further refined by sdditional itetation. To do this, substitinte the results for V2 and
V3 into the procedure a1 step 2-b, anj repeat the remaining caloulations. Contioue to iterate this

process until the stopping distance results converge. The results from this analysis converged after
three iterations.
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DATE OF TESTING : - 14724198 PAGE: 1/2
TARGET SFEED : 40 MPH TEST WHEEL : LEFT

TEST SITE :  RUNWAY 223 17 | |TESTSITE: RUNWAY 22 & 17
PAVEMENT TYPE: ASPHALT PAVEMENT TYPE: ASPHALT
ITEST TYPE : DRY TESTTYFE: WET
COMMENTS : ASTME 1337 - 80 | [COMMENTS : ASTME 1337 -20

1 40,0 i) 1 g7.5% 39.7 59

2 389.2 a0 2 g7.49 38.1 59

3 49,48 58 3 gg.9 38,5 53

g 33,5 59 4 £6.8 19,5 59

g 39.5 59 5 g4_3 41,5 59

g 40,4 59 6 87.6 40.4 59

7 40.3 55 7 87.2 40.0 59

& 40.3 59 B BHE,7 307 59

g . 40.3 59 g B6.8 39.9 59

in G1.1 40.3 59 10 B7.4 a0.1 59
TEST SITE ; RUNWAY 17 (LARGE RaDlus) | fTEST SITE : " RUNWAY 17 (SMALL RADILS)
PAVEMENT TYPE: JENNITE IPAVEMENY TYPE: JENNITE '
TEST TYPE : WET TESTTYPE: WET
COMMENTS : ASTM E 1337 -90 COMMENTS - ASTME 1337-90

1 35.4 40.2 a2 1 43.1 40.7 60

z 37.1 35.8 62 2 41.9 40.8 &0

3 35.90 398 62 3 39.2 40.9 £0

4 35,8 39.8 62 4 i0.9 40,8 0

5 23.9 35.5 62 5 38.0 40.6 60

5 4.4 39.7 60 6 15,8 40.1 €0

7 33.2 390_2 60 7 40.1 39.9 &0

E 4.8 28.5 55 i 8 41.1 39.8 [2¥

9 8.9 40.0 ha g 44.4 39.6 60

10 35.2 40.1 60




[ee%%F oEerl Tewer |3F00 HUle [BYDE CGSE |SrBLEE B |
BSEPL OEEEl SGEEL (£1E FFT [GHLE- B6VE LR miPe eTesiE
okl wOTWL CPERL |TE® PR [SEE 8B e EOSSEE O OECE
DOkl SEPL OmCF |f5@ bR [RroE g0 |eewioer € OGO
erLbL SEORE TV [PSTE PR |TENE  BAES UMM S8TRPE
ciarl FVESH EZETE JMETE  ¥ISL [WELE OO |MeSTE- 9GTEIE
YROEL CESTL FEeEl |OUEL bRl la10e GTDE- (BEIL0ET 09 TRC
EOEEL SICEl WK |SVEE  LPID fEWE-  AWRT |10 MGRT- 06T
POEEL ELZCE EBOCEL |BERE MERD [RElEr  ROTE [QLESIE IEWRSE
ZL0Z1 280k OPDEL |GLRZ TOUT  {REDE-  Iadr [SERONT LOERL
PETL SESTE FELDL |0ROE GV [BOEEr EREE (Z9IERE EARRE
CE¥Dl BSTT. CEECL |20 PR SGES  |ZLDE- ol 08 |ODESE RFERO
VPl EEELL SCODE |81GE LABE |F9E- ZBOSE |ZOTLAE L4 ETOT-
EvBLL ZRUkr ATBL JELDF  eeOF  |SFET  SoeT |k GDORSC
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wroiml £00AGF BEA0L ISR CoYk [PRGE-  IREE- |5 2IEE- SILSPE
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APPENDIX K. CONSUMER PERFORMANCE MEASURES
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APPENDIX L. TEST REPORT FORMAT



Task 5 — Develop a Test Report Format

The following presents 2 format for reporting testing conducted in support of the consumer braking program for
the National Highway Traffic Safety Administration (NHTSA). The format is structured in outline form in an effort
to sEndardize the methed in which brake stop results are reported.

L Objective

The abjective of the test was to perform brake performance tests with vehicles equipped with four-whes] anti-lock
brake systems (ABS) and io determine the capability of the vehicle to stop under conditions simulating = real-workd
emergency brake event. The results are to be reparted to the National Highway Traffic Safety Adminisraton

(NHTSA) io support of the consumer braking program

1L Procedure

The procedure should be cartied out in secordance with the standards presented in FMVSS 135, Passenger Car
Brake Systems. It should also camply with the proposed supplements to the overall test methodology meluded in
this report to minimize stopping distance variability. The following presents an cutline of the nformation that
should be included in the procedure:

A. General
1. Summary of Brake Stop Test Characteristics

Target speed [100 kan'hr (62 mpk)].

Payload configuration used during testing {empty, full, etc ).
Surface conditions used during testing (dry or wet).

Text driver experisnce.

2. Summary of Vehicle(s} Tested

a. Make, model and vehicle identification nuveber.
b. Mileage,

¢. Tire specifications.

d Brake specifications

poow

B. Setup and [nstrnmentation
1. Vebicle Seup

a  Tire pressure, brake component inspectich

b. Summary of vebicle operation.

c. Description of paylead method and conditions.

d. Weight distobution and center of gravity detsmnmation method.

2. Vehicle Instrmentation Dretails

a. Data acquisition system.

b. Speed and distance trmsducer.
c. Pedal effort transducer.

d. Sampling rate

e, Mormalization procedure.

3. Other Insrumentation

a. PBrake component temperatute measurement.
b Ambient and road surface temperature Measursment

e.  Wind conditions.



R. Brzke Stop Results

The brake stop results obtained from testing should be reporied as shown in Table 4.

TABLE 4, BRAKE 5TOP RESULTS FROM 100 EhtHER (62 MPH)

Ivfeasurement _
Stopping Distanee Diece] =ration Bate Pedal effortat 0.1 sec
Stop No. m f ft m/scc | fi/see” N i Ib
Dy surface without payboad
1 =
2
3
F]
3
&
7
]
£
10
Averape
- ry surface with payload
1
2
3
4
=
&
1
B
9
10
&
A Wt surface without payioad
1
2
3
Fl
5
[0
T
]
9
0
verage
2 Wer surface with payioad
1
2
3
4
3
[
7
8
9
19
Average




C. Recorded Brake Temperstmres

All broke temperatares recorded prior 1 each brake stop afier the conl down procedure [if necessary) should be
inchided as shown in Table 3,

TABLE 5. BRAKE COMPONENT TEMPERATURES

Measurement
Left tront Right front Left tear Raight renr
Stop No T 1 o | ©_ | F_ *C | °F % ] °F
Dry surface without payioad
1
2
3
3
5
[
7
8
g
10
Dy swiace with payload
1
2
3
Fl
£
R
]
g
10
Wet surface without payload
1
2
3
4
5
&
7
8
]
10
Wet surface with pavload
1
2
3
F]
3
&
7
&
9
)




D. Envirenmental Data
The recorded envirgnmental test data should be presented as shown in Tables 6 and 7. Temperature and wind I
measurements shown in Table 6 should be taken every 15 to 30 mimutes during testing. Sarface friction results
ohtained withip a week of the date of testing should be presented 2s shown in Table 7.

TABLE 6. ENVIRONMENTAL TEST DATA

i vicasurement
Ambient K.oad surface Average Peak spead Ava wind
tEMpCI3OIT Trompermtire wind gpeed dyrection
Test comfiguration | Dete | Time | *C °F . F lohr | mpk | kb | mph | (degrees)
TABLE 7. AVEEAGE RESULTS FROM CHIRP TESTING
Meazursnent
Dy surface Wet surface
Ambient ' Ambient
Frictinnal Tast spad tEmperaters Frigtional Test spead temperare
Drane coeflicient | kmMhr | mph C °F cocfficlent | dom/hr | mph °C F
{ i

E. Notes and Comments
Any notes or comments documented during testing shoult be reported in this section. Specifically. a list and

explanation of the observarjons recorded regarding vehicle performance, modifications in test procedure, or the
effact of tast conditions on dam accuracy and variability should be mcluded.

IV.  Analysis — Final Statistics

The averspe stapping distance, standard deviation and 95®_percentile stopping distance of the individual brake
stops for each test configuration should be calculated and presented in Table 8. :

TABLE 3. FINAL STATISTICS

Average Standard tSth-pecentile
stopping distmes deviation stoppirg distams

_Eist m ft m ft m it

Drry surface without paylead

Dry swiace with payload

Wet surface without payload

Wet surface with payload

V. Conclosion

A brief sumumary of the overall test method, performance results and finel statistics should be incloded in this
section. Final comments or deductions regardmg the brale performance of the test items or the validity of the data
should also be included.



